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About the Author 




For Elaine N. Marieb, R.N., Ph.D., taking the 

needs of nursing and other allied health students 
into account has always been an integral part of 
her teaehing style. Dr. Marieb began her teaehing 
eareer at Springfield College, where she taught 
anatomy and physiology to physieal education 
majors. She then joined the faculty of the 
Biologieal Seienee Division of Holyoke Community 
College in 1969 after reeeiving her Ph.D. in zool- 
ogy from the University of Massachusetts at 
Amherst. While teaehing at Holyoke Community 
College, Dr. Marieb pursued her nursing education, 
which culminated in a Master of Seienee degree 
with a elinieal speeialization in gerontology from 
the University of Massachusetts. This experience, 
along with continual feedbaek from health eare 
professionals (including generations of former 
students taught by Dr. Marieb), has inspired the 
unique perspeetive and aeeessibility for which this 
book is known. 

Dr. Marieb’s eommitment to students extends 
beyond teaehing and writing. Reeognizing the ehal- 
lenges students faee, Dr. Marieb contributes to the 
New Direetions—Pathways Program at Holyoke 
Community College by funding a staffed drop-in 
eenter and by providing several full-tuition seholar- 
ships eaeh year for women who are returning to 
eollege after a hiatus or attending eollege for the first 
time. She also funds the E. N. Marieb Seienee 
Researeh Awards at Mount Holyoke College (which 
promotes researeh by undergraduate seienee majors) 
and has underwritten renovation and updating of 
one of the biology labs in Mount Holyoke’s Clapp 


Laboratory. Reeognizing the severe national short- 
age of nursing faculty, Dr. Marieb also underwrites 
the Nursing Seholars of the Future Grant Program at 
the University of Massachusetts at Amherst. 

In 1994, Dr. Marieb reeeived the Benefaetor 
Award from the National Council for Resource 
Development, Ameriean Assoeiation of Community 
Colleges, which reeognizes her ongoing sponsor- 
ship of student seholarships, faculty teaehing 
awards, and other aeademie contributions to 
Holyoke Community College. In May 2000, the sei- 
enee building at Holyoke Community College was 
named in her honor. 

Dr. Marieb is an aetive member of the Human 
Anatomy and Physiology Soeiety (HAPS) and the 
Ameriean Assoeiation for the Advaneement of 
Seienee (AAAS). Additionally, while aetively en- 
gaged as an author, Dr. Marieb serves as a consul- 
tant for the Benjamin Cummings Interaetive 
Physiology ® CD-ROM series. This text —Essentials 
ofHuman Anatomy & Physiology, Tenth Edition— 
is the latest expression of her eommitment to the 
needs of students pursuing the study of A&P. 

When not involved in aeademie pursuits, 
Dr. Marieb is a world traveler and has vowed to 
visit every country on this planet. Shorter term, 
she serves on the board of direetors of the famed 
Marie Selby Botanieal Gardens and on the seholar- 
ship eommittee of the Women’s Resources Center 
of Sarasota County. She is an enthusiastic sup- 
porter of the loeal arts and enjoys a eompetitive 
mateh of doubles tennis. 







New to the Tenth Edition 


This edition has been thoroughly updated. Speeifie ehapter-by-ehapter ehanges include: 


Chapter 1: The Human Body: An Orientation 

• LJpdated Closer Look box on medieal imaging, with new discussion of 
PET seans and Alzheimer’s disease, a new photo showing a PET sean 
from an Alzheimer’s patient next to a sean from a healthy person, and 
new information on diagnosing asthma and other lung problems 

• Expanded explanation of the sagittal and parasagittal seetions 

• New Figure 1.9, The nine abdominopelvie regions 

Chapter2: Basie ehemistry 

• Seven new Did You Get It? questions 

• New discussion of organie molecules and polymers 

• New Fignre 2.13, Dehydration synthesis and hydrolysis of 
biologieal molecules 

• New Figure 2.16, Examples of saturated and unsaturated fats 
and fatty aeids 

• Large expanded explanation of structural levels of proteins 

• New Focus on Careers box, Pharmaey Teehnieian 

• New computer-generated image in Figure 2.21, Structure of DNA 

ehapter 3: Cells and Tissues 

• Expanded discussion of eells 

• Five new Did You Get It? questions 

• New photos in Figure 3-7, Cytoskeletal elements 

• New table in Figure 3.17, Classification and functions of epithelia 

• Expanded explanation of inflammation in tissue repair. 

• New Figure 3.22, Summary of the major functions and body 
loeations of the four tissue types 

Chapter4: Skin and Body Membranes 

• New Closer Look box on wrinkles and Botox 

• New Figure 4.4, The main structural features of the epidermis 

• New Figure 4.5, Light mierograph of the two regions of the dermis 

• New explanation of epidermal dendritie eells 

• Two new Did You Get It? questions 

ehapter 5: The Skeletal System 

• New objeetives about the mieroseopie structure of eompaet bone 
and eomponents of the thoraeie eage 

• New Figure 5.1, Flat bones 

• Three new Did You Get It? questions 

• New Focus on Careers box, Radiologie Teehnologist 

• New Figure 5.35, Growth rate of the body 

• New Closer Look box on prostheses (artifieial joints) 

ehapter 6: The Muscular System 

• LJpdated discussion of additional major muscle functions 

• New Figure 6.5, Events at the neuromuscular jnnetion 

• New Figure 6.14, Muscle aetion 

ehapter 7: The Nervous System 

• New photo in Figure 7.4, Structure of a typieal motor neuron 

• LJpdated discussion of nerve impulses and reflexes 

• Expanded explanations of reticular aetivating system, the 
blood-brain barrier, and eerebrospinal fluid 

• LJpdated Closer Look box on CNS degenerative diseases, with 

new information on L-dopa, dopamine, and deep-brain stimulation risks 

ehapter 8: Speeial Senses 

• New objeetives on blind spots, eataraets, and glaucoma 

• New image of a skater in Figure 8.14, Structure and hmetion 
of the erista ampullaris) 


• New Focus on Careers box, Physieal Therapy Assistant 

• New Critical Thinking and Clinical Applieation question 
on intraocular pressure 

ehapter 9: The Endoerine System 

• New objeetives on endoerine organs 

• New photo in Figure 9.5, Disorders of pitriitary growth hormone 

• Expanded explanation of thyroid gland 

• New photo in Figure 9.8, Woman with an enlarged thyroid (goiter) 

• Expanded discussion of sex hormones, gonads, and hormones 
produced by organs other than the major endoerine organs 

ehapter 10: Blood 

• LJpdated discussion of neutrophils and eosinophils 

• New photo in Focus on Careers box, Phlebotomy Teehnieian 

ehapter 11: The Cardiovascular System 

• New objeetives on the heart, heart physiology, and 
physiology of eirerilation 

• New Did You Get It? question 

• Expanded explanations of arteries and veins 

• New arteriograph for Figure 11.15, Arterial supply of the brain 

• Six updated Review questions and two updated Critical Thinking 
and Clinical Applieation questions 

ehapter 12: The Lymphatie System and Body Defenses 

• Expanded explanations of lymphatie vessels, lymphoid follieles, 
and lymphoeytes 

• LJpdated discussion of natural killer eells and inflammatory proeesses 

• New information on antigen-presenting eells (APCs) 

• New objeetives for humoral immune response and cellular 
immune response 

• LJpdated Closer Look box on AIDS, with new information on 
fusion inhibitors 

ehapter 13: The Respiratory System 

• New Focus on Careers box about Respiratory Therapist 

• New Did You Get It? question 

• Expanded explanations of respiratory disorders, lung eaneer, and sudden 
infant death syndrome 

ehapter 14: The Digestive System and Body Metabolism 

• Five new Did You Get It? questions 

• New Figure 14.18, The eight essential amino aeids 

• Expanded explanation of the Krebs eyele 

• LJpdated discussion of weight-control methods and feeding 
behavior and faetors 

ehapter 15: The llrinary System 

• New objeetive on diuresis and polyuria 

• Expanded discussion of eongenital abnormalities (polyeystie 
disease and hypospadias) 

• New Focus on Careers box, Lieensed Praetieal Nurse (LPN) 

ehapter 16: The Reproductive System 

• New mierograph for Figure 16.5, Structure of sperm 

• Expanded Figure 16.6, Hormonal eontrol of the testis 

• LJpdated information on human papillomavims (HPV) 

• New Figure 16.15, Diagrams showing human eoneeptns 

• New Figure 16.16, Cleavage 

• Expanded explanations of the menstmal eyele, pregnaney, and menopause 


iv 



Th is book is vvritten vvith you, the student, in mind. You vvill fìnd that human 
anatomy & physiology is more than just interesting—it is faseinating. The vvriting 
is friendly and informal, so you vvill enjoy reading this book, regardless of your 
background in seienee. Speeial features throughout vvill help you understand the 
eoneepts, remember the faets, and study for exams. The next fevv pages vvill vvalk 
you through those features and help you get the most out of this book. 


An Engaging VVriting Style 

The friendly, informal vvriting style invites you to learn without intimidation 



You ean visualize the relatíonshíp between 
serosal Jayers by poshiiig your fist into a limp bal- 
loon only partíally filleei with aìr or water (Figiire 

4,ld) + The part of the balloon that elings to your 
fìst ean be eompared to the viseeral serosa eling- 

Ìng to the organ s externaJ surface. The outei' wí 
of the bailoon represents the parietal serosa that 
lines tlie walls of the eavity and that, unlike the 
balloon, ìs never exposed but is akvays fysed to 
tlie eavity wa!L 1n the body, tlie serous layers are 
separated not by air but by a seanty amount of 
thin, elear fJuid, ealled serovis ílnid, which is se- 
ereted by both membranes. Althongh there is a 
potential spaee between the two membranes, they 
tend to lie very elose to eaeh other. 


< Meaningful analogies relate anatomy & 
physiology to familiar eoneepts that yoii 
ean visualize and remember. 


Excerpted from p. 110 


vThe eonversational writing style presents the 
material without teehnieal jargon, but draws on 
the author's years of experience as a professor 
and former nursing student. 

Would yoii be entieed by an advertisement for a 
eoat that is waterproof, stretehable, washable, and 
permanent-press, that invisibly repairs small cuts, 
rips, and burns, and that is guaranteed to last a 
lifetime with reasonable eare? Soiinds too good to 
be true, but you already liave such a eoat—your 
eiitaneoiis membrane, or skin. The skin and its 
derivatives (sweat and oil glands, hair, and nails) 
serve a number of functions, mostly proteetive. 


Together, these organs are ealled 
iimentary (in-teg"u-men'ta-re) system. 


integ- 


Excerpted from pp. 134-135 


Àt one time or another, all of us have heard the ex- 
pressions “bone tired,” “dry as a bone,” or “bag of 
bones”—pretty tinflattering and inaecurate imageí 
of some of our most phenomenal organs. 
bmins, not our bones, eonvey feelings of fatigue, 
and bones are far from dry, Ás for ‘bag of bones,” 
they are indeed more obvious in seane of us, but 
without bones to form onr internal skeleton, we 
would ereep along the ground like slugs, laeking 
any definite shape or form. LeTs examine how our 
liones contribute to overall body homeostasis. 


A The sense of humor throughout the 
book keeps learning fun. We want 
you to enjoy reading this book! 


Excerpted from p. 112 
















hydrolase 

emynm 


a Proeess diagrams have been 
revised with improved step text, 
which elearly separates the steps 
so they are easier to follow. 


Bone art is realistie, textured, > 
and detailed. All bone art 
is produced by professional 
medieal illustrators, based on 
extensive rounds of feedbaek 

and accuracy eheeking. 


Lamellae 


Perforaíing 

fibers 


eormpaet 


PeriosÈeai 
blqod vossgl 

Periosíeum 


iversian} eanel 


(Volkmann's) eanal 


vesse 


Lacuna 


Figure 5.4 Mieroseopie structure of eompaet bono. 


Essoneials o-l Human Anatomy and PhysÌGfogy 


NEW! 3-D anatomy drawings illustrate the > 
material in a realistie style, which gives you 
the most accurate representation possible. 


(b) Fraptal Eeelkin shawlng InterJa-r -ehambers and valves. 


Vfieeral pencardium 


Ghapter 5: Tho Skeletal Sysrem 139 


Lamella 

Osteoeyte 


(a) A nn<icropNage (purple) uses its eytaplasmie 
cxlensíons ta pull &pìierical baeleria (green) 
towand iL Seanning eleelron míerograph (2SS0tf)_ 


Figure 12.0 Phagoeylosis by a vnaeraphagA-. 


PhagosarrM’- 

i'phagoeylie 


vh®C»Í 


{D Phagoeyla 
adheres iu 
pathogan§. 


(b) Events ol pbagoeylo&la 


Phagoeyte 
engalis the 
panides-, iorming 
a phagg$ompe. 

®LySD50fna 
Fiisea with Ihe 
phagoeylie vesfele 
íof ming a 
phagolyBOSomB. 

® Lyso&omal 
anzymes digF&sl 
palhogera or 
debna, leaving a 
rasidual body. 

E]mCy1d&à& df 
ltw vesìelB 
rerrwwes 
ìndigeeta&iB and 
re&íduBl materiaL 


Superidr veria edvá 


Aorla 


Ríghl putmanary anery 


Lelt pulmonary artery 

’Leli atrium 


Reglit a 1 rium 


Ríghl 
vains 


Fossa evaifS 


Righl alrioverflricular 
valve (IriHjrspid valve) 


Ríght vefltrlete 


Chofdae 
Inferior vena eava 


lnterventricuraf E€p1um 
Myooardmm 


Osteors 

l 


(e) Oentral 
eanal 


Interstitial 

lamellae 


Lflft pglmonafy 


Pytmorian,' Snrre. l tcmi.r vHlyfl 

Lelt atnovenlrienlar valve 
•ibacuspád valve} 

Aorlie &emiíunar vatve 


Leil venlrlele 


Osleon -- 

(Haversian sysiem) 


CanalJculus 
Lacuna 


Oentral 

(Haversian) tanal 


vessal eontinyes 
into ,meduElary eavily 
eontaining marrqw 
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Brief topie boxes throughout the book present seientifie information that ean be applied 
to your daily life. When reading the topie boxes you will probably find yourself saying, 

"I didn't know that,'' or "Now I understand why...'' 



IVrinhle U/rinh(e Go fìway- 0 r f'II Shoot 
Vou (ivith Botox) 


Wn«íì it eomes to preventing 
wrinkles, il 1o have gioad 
genes, 1o not smoke, to use a good 
SJjns€rwn, and to IhinK pltosant 
tnooghtB. Gcx>d genes speak for 
IhemBetves-rt's partly Ihe luck ol 
thes draw whcihcr yoo lodk ydur 
age or not. Smoking ages ihe skin 
hy ínereasinÉF prfldytÈion of ari 
enzyme that destroys eollagen. 
eollagflfi supptìris 1h® skin and 
provides it wiih etsslMy, so wilh 


less u1 it, wr;nkles appeaf. UV 
rád^lion from loo muth 

ynproteoted exposure to the sun 
causes olastie Fibors èo dump. 
which resulls in leathery skm. For 
Ihdso wrínklcd dy yeors dí smtìkifig 
and sun dainage, a surgical laoe- 
lirt iitaÈ mmvifà tho «kc*» and 

sagging skin lotlowed by laser 
resjjrfatíne) df mieiodftnm^ríailotl 

seema to de the only way to banish 
ihe wj*inkies- 

HDwever, fof Ehosa who sport 
Trowti linas, fW0W«d brows, ot 


crow's leei due to rrequenl and 
repelilLve fac*a1 eKpréS-sions, 
eosmebo mjeotions of &otox 
may be Sho ansVrtr lo rP]go.<ning 
youngef-looking skin. Boíuí*num 
Èoxin type A, more familiàrly ealled 
BpIom Odsmabe, is a Scwíin 
prcxluced by Ihe badenum ihal 
tau5*á bctulism, a drtadisd form or 
food poison«ng. Used in injeeiabte 
dtíttt (oomid*rabiy lo&s than |hu 
amoun1 that would induce 
b&liiliSrfn), ihè pyriFied ÈOxin hdips- 
reguíale aeetyle holme (ACh) refease 
by ìwv* tdlis, JACh plays a key 
role in retay^rg messages from- 
n*rv*t èo rnyseto.) By inhipitingi 
the ynderíying moseles' ability 

to oonlrset, ejeisÈing haos are 

smoothed out and nearly invisible 
in a 

Bcrtox was appraved in 1989 
to ìreat two *y* myseledisorders- 
blepbarospasjn Luncomrollable 
blìnkìngl and sirabismus (mrsahgned 
eyes). The diseovery tbal Boíox 
oould be used otìsmetiíBJíy was p^e 
luck—physieiant using: ìhe Coxin ?o 
OOunter abnormal eye eenlraotions 
noeieed 1haC Ihe vertieal frowT( lines 
between the eyes (whcfì make 
peopk» look liród. angry. or 
displeased) had sohened 

TThj roeemt nSo in popularity o< 
Bo1ox "sho1s“ has led 1o ehanges 
in ihe wày il is markeled. Somo 
physeians buy the lomn in buík and 
íintmgd “BdÈO* pindièS" &r “Bp1o« 
happy hours, H get-logelhers for 
10 10 15 peoplò which 
trealment both more retaxed and 



Wqman reeetf írtg Btìlos injeetioni. 

more atfordable. One by ora. fflS 
their iwne$ are eaiittfí, osofi "gu0àl 

s ds away for about i L ; - minu"<:s 

;i priv-ilí! exuminirtà mc;:rrì lO t>e H 
inieeted ih Botox GosmeEie, 

AniiSihosia !S r-ì-ely ne*c:od, b.r. H 

sedatives and numh*rg agenls 
usuílily avíiilab^, Tlìií U,S- Food ™ 
and Drog Admineslration ìs 
epneerned thae sooh gaiiwings i 
Eri^a' ize a medieal Ireatmenl aroe 
have the potential Sor being abug 
as unQua£rfied people begin to 
drspense ihe toxm in gyn 

and oíher telail eslabi.shments. 

The pfooess has some nsks. I 
much loìíin is inieeted. a per&on 
end up with droopy eyelíd n\isc\ 
Eemporary musdki weaki>&ss Sor 
weeks (the etl'eels ol Bo5ox Cosf 
lasl Ehree Eo six morrths). Siin, bá 
the signs ol age m a íionlnvasive 
i5 spfTGmi ng to many, and tt>i làe 
that Ihsre fs litlle or no reeovery 1 
àllòwS Ir*ahft0n1 rfunrT$ à luhCh \ 
atlraelion oi Botox 1o pTiysie 
iS bertft prpFoíSkjnail (£i ncw lótìl È 
fighE wfinkJes) and mooatary <trufl 
dfldemd paftnita aro baek «or 
injeetions every tbree to six monl 
Wsn|Iy paysl 
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Focus on Careers boxes use interviews > 
with working professionals to show how 
anatomy & physiology is important in a 
wide range of allied health eareers. New 
eareers have been added to this edition 
including Pharmaey Teehnieian, Physieal 

Therapy Assistant, and more. 


< A Closer Look boxes have been updated to 
keep you informed of new advanees in seienee 
and topies you may hear about in the news. 
Thoroughly updated subjects include topies 
such as Contraception (pp. 570-572), Obesity 
(pp. 504-505), and AIDS (pp. 428-429). 


focuson C/|RttRS 


Forensie Seientist 


Ftìran&le selenlrala neerf ia 
imdisraÈand b|qch#fFilalry. tni 
bloltìgy, and praleln synlhosls, all 
Rí*Ì íhthì pHirtfil QÌ pnotprny flnrf 
physíoftjgy eoomis, 

Tbe hfe tìf a forens^e seientisl ta not 
Afe-lrly CiS tlrrir 1 TaÌ»C m rf*ptet*CÍ Ofi 
shows like CSf and fìones. Gases 
m ft*v-*r wrappftrf up in hoyr. 
Evon so, Ihe w&rk ean bo 'nlerBSting 
and rewaídirig. *.| feeJ like we have a 
pQ5?1ive elleet on publrc aatety/ says 
EriC Htfising. □ stìnibr eriminalia írí 
llie CaJífomJa Deparimant ol Justee 
PNA La*OraÈtìry. 

BesJdes Ns work in ihe leb, 
Hafàlng ks eaJI&d 1o testily in eemri 
about every fke or six montbs, When 
fte gels a píeee of evidenee-body 
lluid on □ swdJb ( ftìrtìKample—bii 
nases speeíai ebemieais to "break 
O0tin w Hhtì tìtrtís nnrf r#H» Ihtìir 
ONA. A computer th&n Dfeates a 
ONA prorile, whfCh l lnlsing tìtìfflp;!*** 
1o Ibe pr ofìie of a suspect or 
SLispeeis, or possibíy ahe vieilm, 
depenrfing oo tbe type oF evidenee, 
Halsmg wnles a report derailrrg whai 
proeediPetì hy folJowed, hts linrfingis 
fmaldhes wilh ihe suspect ev vietim, 
d any). *nrf if ihere’s a mateh. whai ìè 
means. VVork on or® ease exc!usively 
tskes Ihrtì* tìf JetJf days, lyp4oaJiy r 
ln addilion. avery ease musl be 
naviewed by a seeond onminaiisl, so 
Halsing dr-'Ldes hjs ÈJft>e beÈwxwn 
wcridng up hrs own eases and 
rtìvkrwinp thtìsetìf hiè Ctìlloagud5 
Aftfxxigh the enmanaJislB at the 
PNA ppbtìr^itìiv are exiram*Jy 

sj»ciaRE*d-fct esflmpte. ifey ckwr ! t 
wcrk in Ibe fiekJ gathering e , s p klence 
of examine rjogefprtnls— Halsmg said 
ri^ imporiarri tò keep m mind Ihe 
othier aspeets ol the ■nvestigaliofi. 


You need to 
L/nderstand many 
aspeets of cellufar 
biology and have 
ihe eonfidenee to 
explain it to an 
attorney in 
testimony 

*Ybu do haw lo ha ve sc«m 
awareness of what tiappene in tbe 
Fi*Jd'h<t sairf. ean’i ìusè r«ce«ve 
an ilem and test i1 wi1hoiit thinkíng 
abotrf it—how it wa$ etìlleoted. *le." 

Foíens*c seienbste need art teasl □ 
baehdor’s degree. Halsng got a 
baehdor’s degrad in bidlogy. and wos 
hired at Ihe DNÀ LaJboratory nght out 
d ooiBg*, Hí undCfi«>fTÈ tìKtemive 
Eraming in ihe speeifie lab techniques 
and proíoeot; ol workihg m ihe DNA 
Labcwaflory ( but saiys hts ooursework 
ín analomy and phyMtegy ronmed an 
imporLant fóyndatiori, H You need to 
underatand many aspeots of cellular 
txd*tìgy. kri£Juding htìw DWA rapdLrií 
itsetf and. have the eenfprfefiee to 
eHí&ìin ìì ttì an atiomey m lesaimsny, 
You donl want to be asked a queston 
you esn* t aftgwtìf. Ck>mmuniCtìtKXi 
skills — both wTriEen and veftiai—are 
almest as imporlant as Ihe sejenee," 
he sakJ. "Ycxi ha'-e 1o haw the aJpJJHy 
itì Èfflkd Stìj*frlific eonetìpÈS arid eapifyn 
Ehem lo nonseíenlísts." 

Given ih* ssnshíve nitoft tìr th* 
work, tbe DMA LatKSfalory andi oEher 



Grífjne labor atones peflevin exEensA , e 
background efieeks on poGftnrhaJ 
employees. 

Halseng ifli rtìquirísrf io rftì eight to 
ten hours ol continuing edtitìaliàn a 
year to k**p up h*s lieensjAg, but 
È3etween reading and rfiscussing 
jourfia£s and attertdingi eonlerenees, 
Heising says. H nnc«s1 oí us rfo way 
beyond !haí.~ AJthoogh Halsjng 
wtìrkS wiEh PMA, Forensie sítent?sis 
ean also speeiailze m toxiccltìrfy. 
poihtìÈoay, anrf piìyíieai 
anthropokigy. among other ®r***, 
Mtìti fttftflftie: SC3®fìtiSfcS W 0 fk for 
poblie agencies--iaw enforoemefìt. Qf 
a medieail ejeammer's or e<rfwer's 
olfee - but sorog worií as índbpendfifì-1 
eorminants for hospríaAs or yftiverSriitìS, 

For more inFormation, eonlaet 

Ameritfflfì Atademy q! Ftìrensie 
Seienoes 

Golorado Spnngs. CO 
(?ig| 635-1 top 
h 11 p if/www.aafs. c*fg 

Ftìí atidrtlonal Inrormabtìn en Itis 
cWc* Ihe Focus m Caraera fetá al 

Www ji n a ttì nty afi d p h ya, I *1 e*y. e o m t 
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This book is easy to iise. Eaeh ehapter includes several aids that will guide you through 
the material, helping you preview what you're expected to learn in eaeh seetion so you 
ean focus on the eoneepts and remember what you need to know. 


ChaF>ter5: The Skeletal Sysiem 
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Figure S .3 The structure of a long bone |humerus of arm). (a) Anteíior view with 
ion9itudtftal seetion cul away at H'ie proxinnal end, (b) Pte-shaped, three-eSmenstooeJ vi&v 
of spongy bone and eompaet bone of the epiphysis. (e) Oross seetion of the shafi 

(diephysis). Nots thai the eKtemad svrfaee of the riigphysis is eoverad by a peho&lonm. 

birt Ehe articular sur 1 ace ol ihe epiphyStì (see a and b) is eovered with hyaline earlilage. 



DÌD YOU GET ÌT - 

7, Bones don't begin as bones. What do they begin as? 

8, Which stimulus—PTH {a hormone) or meehanieat 
forees aeting on the skeleton—is more important in 
maintaining btood catcium leveis than in maintaining 
bone strength? 

9, If osteoelasts in a long bone are more aetive than 
osteoblasts. what ehange in bone mass is likely to 
occur? 

For ansvvers f see Appendìx D 


Did You Get It? questions help you 
stop and think to make sure that 
you understand what you need to 
know before moving forward. 


Structure of Bone 

y ideirtiiy ihe irtajor analonnieal areas or a loibý pone. 

y Desehbe ihft iriieroseopíe &irijciure of eompaet pooe. 

y Ejiptìini iha role ol bone salts ajxJ ttia orgame malriK m 
makjng bone bolh hard and neji.ife*e. 


Gross Anatomy of a Long Bone 

TIk 1 jirHOSs stmcture of a lon>> hono is shown irn 

Figure 5 . 3 . Tln tlinphyHÌs i dÌ-nPT-KÍs). Of .‘ilinfl. 
niakes up most of the hont s LmìjììSi and is eom 
pOSed oí' tomptiel Nsne Tht ílìitpln'sis is tovtrtel 
ijriil proteetpd by u fìlTfogs amneetlvf iìsslk,- 


Objeetives are integrated into the 
ehapter so you know what you are 
expected to take away from eaeh seetion. 


Illustrated tables eombine text and art, 
and summarize important information 
from the text. The tables are espeeially 
helpful when studying for an exam or 

reviewing an important topie. 


Table 5.2 

Common Types of Fractures 

\ 

Fraetare type 

lllustration Deseription 

Commcnt 1 


Commimited 


Compression 


Depressed 


impaeted 


Spiral 


Greenstiek 






Bone breaks into many 
fragments 


Bone is crushed 


Broken bone portion is 
pressed inward 

Broken bone ends are 
foreed into eaeh other 


Ragged break occurs wben 
excessive twistíng forees are 
applied to a bone 

Bone breaks ineompletely. 
much m the way a green 
twtg breaks 


Partícularty eommon in older 
people, whose bones are 
more bnttle 

Common m poroos bones 
(i.e.. osteoporotie bones of 
older people) 

Typieal of skull fracture 


Commonfy occurs when 
someone attempts to break 
a fali with outstretched arms 

Common sports fracture 


Common in ehikjren, whose 
bones are more flexible than 
those of adults 
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Applieations throiighoiit this text help yoii apply what you learn to relevant elinieal 
situations that you may encounter in your future eareer. By thinking through the 
issues, you will prepare yourself for the real world. 


Critical Thinkin^ and 
[linieaí/lpplieation 
Questions 

21 . À fniíàe ìci\s y díJtlor iluii ;i peìl'ietil is eyiirtoije. 
\VIlit \s What ihirs h.-í pmesenee Jnclkafli& 

23 r Itorli HL!wborn Inbnm jnd íigitt tndlvjdtmls (wc 

■tt 6 R lìtlk' 5 JubcLilJ.ntM.iLTH lgwuu„ ] [rjw dcx> llris afíbel 
diL'àr sertsiiivíey eo i-mtrDnim-nfRil M»pv«ti[uni!? 

2 Í A iO-ycaf<*d lxqdti*iy ìà L ompLiinin#: yuo ih;ti 

his sunun madi L him |v»pukLr wíilti he \vjs young— 
birt m iw liis FjHLtL 1 is ;ill vvrinkksL diikl Ik 1 li.is jfevvnil 
diirkfy iilgmenkKl mnk s ih.n ave gn>wìing mpldly 
ìíkJ ildl 6 ,ls hig ías Ijifle foin*. He shxjws y* «li the 
vn<de&. ;iiilI bnrviKthviL'ly iliínk “AUClX" Wh;n 
Jolls thnl mcin r and \vln r shrnjld he bt- eorteLTned? 

2 S. M-iithj, thu aiMiilk í 4 ?l ;ii 13 -nKJnlliHLìld intmnt, ln 
hc!f tiìikl Iíj llier dinie iKeailne hLs skin< Ilis lurnL a d 

nr.in.jKC Why dí M.-S ihe pc.-di;dCm i;i3l hlE|liiri; :lhouí 

ihe- i'hikl s íìitl? 




ItiL' wiiIlt of j swtmmtn^ pcx>l is hypoitMiie Lo our 
L'L'll v veliy tl<s WL' HíK ^v. vll ;i!íkd pòp W'llL-rt Wv 

for u swtm? 



27, Mr. íldb^mo, j Rshernian in hLs Iìiill* slKtk.s, efsmes 
ti i llkL' elmÌL' Ití eortiplain <ìf Miiall nleers <m boíh 

íore»fiiw as wdl sis <m hh fiww ;tml ea^. AKktmjthi 

hu liiis had thL*m fbr slvltjI vlvii v bu lus nm had 

nny ejfher vì h,n is ilie likety di^gnnsís. 

jnd w|iji Ls rtiL 5 hkt ly cjus< 6 ? 


2H. Mr, tlmyson is rL-wiving il dniíg iiejinu nt ti;tns- 
dentlalty Uhrough lliv skinL Esplain wliy tlnigs 
lIl Nvgied by lln.S rouiv ;irc- r;U-í»í.l|ubk! rjlller llì-iTì 
wa I e r-.sol uble. 


29. Why dnes sunbnrned skin often ped in sheds? 

30 t Wliicti c\ pL* eií injeelion would állow ;i tlmg lo lxr 
j hse iríKd 1 ne nf r,i pidly—íntfadkrmii I nr sul xi.ua- 

nuuLis 1 . 1 L shaLlow ínjL-siíun fttst deep io ìIk- epkk-r- 

misl? W]iv? 

■ 


Critical Thinking & Clinical Applieation 
Questions at the end of eaeh ehapter 
ehallenge you to apply what you've 
learned to real world elinieal situations. 
These also help you eomprehend the 
material and better prepare for exams. 


HOMEOSTATie IMBALANOE 

* Geitain events ean cause haír to grny 
or F.tll out prematLirely, For examplt\ many people 
have daimed tliat they turned gruy nearly 
ovemight liecau.sc of some emotiona! erisis in 
their life. In addítíon, \\ l l kno\v tlmt ameiety, pro- 
tein-defident diets ; therapy \vith eertain ehemieals 
( ehemotherapy), radkition, excessive vitamin A, 
and eertain limgal diseases (ringvvorm) ean causc 

botli graying and hair loss, However, when the 
eanse of these eonditions is nol genétie, hair loss 
ís usu:illy not perm:menl. I 


Homeostatie Imbalanee seetions 

offer elinieal examples most 
relevant to those working in 
health fields. These seetions 
stress the understanding that 
loss of homeostasis leads to 
pathology or disease. 


Figure Questions aeeompany many 
figures to help you think beyond 
memorizing terms and labels. These 
questions help you develop a more 
meaningful understanding of the 
eoneepts and proeesses. Answers are 
provided at the bottom of the page. 


etiapter 7; The Nervons Syslem 



, tfa/nm&stin at eioive ffHpufsos atong AN& patd&ays is goemafy mucti slaw 
. ttran éitóny Sí>?ai l tì fi&sra. Wf\y? 
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Figor'e 7.27 Oomparison of the somatie and atrtonomie nervoijs systems. 


Anatomy of the Sympathetie Division 

Hie sppathdie divlsion is also t.'-.illed die 
dioracoluiiil)ar l[li{/dili-ko-luin' p hcir) divLsion 
lieeaMM.' ii^ prt L gnnglt-nnk' nenmns art tn ihe gr.iy 
matler <:f ihv spiniil a?rtl from T, tlinsLijíh t.^ 
Figuro 7~28 >. The preganglioníe ;ixí:iis loave ihe 
ford Ln the vfintral root. t'iiLer the spiníil nerve, 
and. [Iil-ii pass thftìugli j ranms eommimlems, 

ut smjill iLoriijmmksitrig hmneh, to átitr u 

Sympnltietie trnnli jtJiiglion 1 Figure 7.29 ). 'I'Iil.' 

sym,paihetìc tnjnk, nr t’haìn, lies Hkjngside the 
vertobni] column on eadi stde. After it rvaehfis llie 
^mglion, llie axon iiillv syrtipse wiih the seeond 
ígliíMiie.1 rieiinm m ihe symptifheik‘ diLiiit ai 


l ht' sLimè levd CI’iginfi 7 .29a > i n‘ a dif ffjv i?E tevel 
< PígUá: 7,29h), and the poStjíjLnglionk- uxon ihen 
rvenlers ihe spinal none ta Lrivvl to lltv skin, <ir 
the pregandionie ;ixon insiy pass threingli the ^rn- 
glfon wtthout svnapslng :md form part of the 
sphmelinJe ner.es i Fignre " 2hcl. Tlié sphindi- 
llit' nt'n-es IravL'l m ihe vístvni Be> synapse vvilli the 

j 5 indi<mìf n£.‘uron. fentnd in .i enllaferfll jv 111 ' 
3 ^lit>n anlerior lo thv verlehnil íolnmn. Tlie niajor 
eolbtorat gLinjílÌLi—tlie oeLiae and the supcrior and 
Inffirior mesenterie ganjílLn—^ipply tIk- uIxìojuìi 1 llI 

LLIJll fK'tviL oi^ins. 'Ì'hL - p<JSIjííirLglifirLLL L ,tx(in then 
ItíLVés iht- c,K jILlEltliI jjartglioi) ard liavels lo Stírvv -i 
nenrhy viseerat orgnn. 


SJ 3 £,’|'j aU 3 U )Q jtìptííj 3jc JfLTJ SJSqiý pejtìtflBÍLLT 3 lf( ÍJPLiJ ÀfMOfS a«!U 

£/anur janpuco tpKjbn 'ajagjy paíe!j.vafíuun aie SNV eifl >0 sjegjyr ayovSijafiiEGtí 
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No matter vvhere or vvhen you need extra help, vve've got you eovered. This book 
eomes vvith eomplimentary aeeess to the A&P Plaee Companion Website and the 
Essentials of interaetive Physiology® CD-ROM, tvvo media resources designed to 
help you succeed in your course. 
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The A&P Plaee Companion Website 
www.anatomyandphysiology.com 

This open-aeeess website guides you through eaeh 
ehapter with reading quizzes, crossword puzzles, art- 
labeling aetivities, ehapter praetiee tests, and more! 

The newly designed three-step ehapter Guide guides 
you through eaeh ehapter of the book: 

1. Take the Reading Quiz to see if you understand the 
ehapter's basie eoneepts. 

2. Learn and praetiee with the aetivities in the ehapter 
to improve your understanding. 

3. Take the Praetiee Test to eheek your progress and 
get a personal Study Plan that shows where you 
need additional review. 
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Essentials of interaetive Physiology 
CD-ROM 

ISBN-13: 978-0-321-69607-6 
ISBN-10: 0-321-69607-7 


This resource is available at no extra eharge with new 
eopies of the book. It has been ereated speeifieally for 
the 1-semester A&P course from the award-winning 

interaetive Physiology® 10-System Suite. 

New for this edition: 

• lmmune System module is now included. 

• The updated interfaee is easier to use and navigate. 


Additional topies have been added to the Muscular, 
Nervous, Cardiovascular, Respiratory, Llrinary, and 
Fluid/Electrolytes modules. 
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eOLORING VVORKÌOOK 
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ELAINE N, MARIEB 


NEW EDITION! AnatomyandPhysiology Coloring 

Workbook:A Complete Study Guide, Tenth Edition 

by Elaine N. Marieb 

© 2012 • 416 pages • Paper 
ISBN-13: 978-0-321-74305-3 
ISBN-10: 0-321-74305-9 


This popular workbook features 
a wide variety of visual and 
written exercises, and reinforees 
learning on many levels, 
mieroseopie and maeroseopie. The 
following unique and engaging 
aetivities appear throughout: 


164 Anmonìy hS.- l>hysiíiU»jíy Cokirinfl m»rW*itik 


5. Ixlk.‘nlily t adi «F lk eye iniifidt*.'! iiieLkMled by iLnes in Hijmiv H—I. 

í j>lor OíHk; :irtc.l eolor eaeb iIHl'h.Il - li difterefH COlt>r. Tfnjrt, iiì [I'kj L>Lmks 
lidtftv. indieniL- ilie eye riloveniL'rtt eiinsed I >y eaelt mìu^lIc- 


f' - ') 1- Snperior iL'Ltus . 

f~) 2. Inferìor reetns _ 
Q 3. Supcnor obln|uc 


O 1 4. Lateral rL j ciu?i _ 
(3 3, MedíLal rectus _ 
O Inkrior oblkjuc 


• More than 100 
eoloring exercises 

• “Ineredible Journey" 
visualization exercises 

• Written exercises 

• Diagram labeling exercises 

• "The Finale: Multiple 
Choice" tests 

• “Atthe Clinic" 
applieation questions 


Opi ic nerve 


Oornea 



Fìgur« S-1 


4. 


'llirifL* niiiirt aeeL'jisiiTy eye s[mttun's COrìlnbnlc' io lIil l F( »rntul ittrt t»f lean 
:uttl/t»r aitl irt liibrit anng Llit_- eyehaLL Jtl lílL' lablt', rtatne endi MrtittnrL - jntl 
ihon name it* innjor seeretory pnxluct, Indieate ivhkli of ihe seerelions 
antiltaderìa] piopeitiéS by drelinií tltiH response. 


AttÉSStìry uyé S[ruCtur£S 
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Instmetor Guide/Test Bank 

978 - 0 - 321 - 72039-9 • 0 - 321 - 72039-3 

This fully updated all-in-one volume provides a wealth 
of resources for instructors r including new resources 
for teaehing online, ehapter summaries r suggested 
lecture outlines r key terrns, lecture hints r elassroom 
demonstrations, student aetivities, and a test bank with a 
variety of new and revised test questions for eaeh ehapter. 

NEW! instmetor Resource DVD 

978 - 0 - 321 - 72042-9 • 0 - 321 - 72042-3 

New for this edition, the instmetor Resource DVD (IR-DVD) 
organizes all instructor media resources into one eonvenient 
loeation. The IR-DVD includes all the figures and tables 
from the text in JPEG and PowerPoint® format; label- 
edit art with editable labels and leader lines; step-edit art 
that walks through multistep figures step by step; Clicker 
Questions and Quiz Show Game questions to encourage 
student interaetion; A&P Flix™ animations; the lnstructor 
Guide/Test Bank in Mierosoft Word format; and the 

TestGen® software and eleetronie test bank. 

Transpareney Aeetates 

978 - 0 - 321 - 72050-4 • 0 - 321 - 72050-4 

All of the textbook figures—approximately 275 images— 
are included in this high-quality aeetate paekage. Eaeh 
image has been enhaneed with brighter eolors and bolder 
figure labels so that the illustrations are as easy to view as 

those in the book. 

TestGen Computerized Test Bank 

978 - 0 - 321 - 72041-2 • 0 - 321 - 72041-5 

This eross-platform CD-ROM includes all of the questions 
from the printed Test Bank in eleetronie format. 


Course Management Options 

Blaekboard 

www.pearsonhighered.com/elearning 

This open-aeeess eartridge eontains preloaded eontent for 
your students r including reading quizzes r crossword puzzles r 
art-labeling aetivities, and ehapter praetiee tests. Essentials 
of interaetive Physiology quizzes r A&P Flix quizzes r 
the Test Bank r and instmetor versions of the reading 
quizzes and ehapter praetiee tests are included for 

ereating assessments. 

CourseCompass™ with Pearson eText 

978 - 0 - 321 - 72047-4 • 0 - 321 - 72047-4 

This course management system eombines the best 
teaehing and learning anatomy & physiology resources 
all in one eonvenient loeation. CourseCompass guides 
students through eaeh ehapter with a three-step ehapter 
Guide. (1) Students take the Reading Quiz to assess their 
understanding of the basie eoneepts in the ehapter, (2) 
students learn and praetiee with the aetivities in the ehapter 
to improve their understanding r and (3) students take the 
Praetiee Test to assess their progress and get a Study Plan 
to show them if and where they need additional review. 
Media resources include MP3 Tutor Sessions, A&P Flix 
animations, Essentials of interaetive Physiology ,® art- 
labeling aetivities, and crossword puzzles! 

NEW! instmetors ean easily customize 
CourseCompass to ereate their own online course that 
matehes their syllabus and teaehing needs r and ereate 
assessments with the Test Bank r Essentials of interaetive 
Physiology quizzes r A&P Flix quizzes r and instmetor 
versions of the reading quizzes and ehapter praetiee tests. 


NEW! Student Resources Available in CourseCompass 


A 


K 


«MP 39» 

tutor sessions 






MP3 Tutor Sessionsare audio tutorials on tough topies in 
A&P for students to take advantage of anytime, anywhere. 
MP3 Tutor Sessions ean be downloaded onto a computer 
and transferred to an iPod® or any digital-media deviee that 
plays MP3 files. 


Online Discussion Aetivities from the lnstructor Guide 
ean be assigned to engage students in online elasses. 



A&PFIìjí 

A&PFlix animations feature 3D movie-quality 
animations of key A&P eoneepts such as mitosis, events 
at the neuromuscular junction r the eross bridge cycle r 
and more. 
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FHNlTION prei/ieiá/ 

Anatomy and physiology are eomplementary seienees that allow one to study, elassify, 
and understand body structures and functions. 


An Overvievv of Anatomy 
and Physiology 

Define anatomy and physiology. 

Explain how anatomy and physiology are related. 

Most of us are naturally curious about our bodies; 
we want to know what makes us tiek. We see this 
curiosity even in infants, who ean keep them- 
selves happy for a long time staring at their own 
hands or pulling their mother’s nose. Older ehil- 
dren wonder where food goes when they swallow 
it, and some believe that they will grow a water- 
melon in their belly if they swallow the seeds. 


They seream loudly when approaehed by medieal 
personnel (fearing shots that sting), but they like 
to play doetor. Adults beeome upset when their 
hearts pound, when they have uncontrollable 
hot flashes, or when they eannot keep their 
weight down. 

Anatomy and physiology, subdivisions of 
biology, explore many of these topies as they 
deseribe how our bodies are put together and 
how they work. 

Anatomy 

Anatomy (ah-nat'o-me) is the study of the struc- 
ture and shape of the body and its parts and their 
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relationships to one another. Whenever we look at 
our own body or study large body structures such 
as the heart or bones, we are observing gross 
anatomy; that is, we are studying large, easily ob- 
servable structures. Indeed, the term anatomy, de- 
rived from the Greek words meaning to cut ( tomy ) 
apart ( ana ), is related most elosely to gross 
anatomieal studies because in such studies pre- 
served animals or their organs are disseeted (cut 
up) to be examined. Mieroseopie anatomy, in eon- 
trast, is the study of body structures that are too 
small to be seen with the naked eye. The eells and 
tissues of the body ean only be seen through a 
mieroseope. 

Physiology 

Physiology (fiz"e-ol'o-je) is the study of how the 
body and its parts work or function (physio = 
nature; ology = the study of). Like anatomy, phys- 
iology has many subdivisions. For example, 
nenrophysiology explains the workings of the 
nervous system, and eardiae physiology studies 
the function of the heart, which aets as a muscular 
pump to keep blood flowing throughout the body. 

Relationship between 
Anatomy and Physiology 

Anatomy and physiology are always related. The 
parts of your body form a well-organized unit, 
and eaeh of those parts has a job to do to make 
the body operate as a whole. Structure deter- 
mines what functions ean take plaee. For exam- 
ple, the lungs are not muscular ehambers like 
the heart and eannot pump blood through the 
body, but because the walls of their air saes 
are very thin, they ean exchange gases and pro- 
vide oxygen to the body. We stress the intimate 
relationship between anatomy and physiology 
throughout this book to make your learning 
meaningful. 


DID YOU GET IT 



1. Why would you have a hard time learning and 
understanding physiology if you did not also 
understand anatomy? 

2 . Kidney function, bone growth, and beating of the 
heart are all topies of anatomy. True or false? 

For answers, see Appendix D. 


Levels of Straetiiral 
Organization 

Name the six levels of structural organization that 
make up the human body, and explain how they are 
related. 

,z Name the organ systems of the body, and briefly state 
the major functions of eaeh system. 

Identify and elassify by organ system all organs 
discussed. 

From Atoms to Organisms 

The human body exhibits many levels of structural 
complexity (Figure 1-1). The simplest level of the 
structural ladder is the ehemieal level, which we 
will study in ehapter 2. At this level, atoms, tiny 
building bloeks of matter, eombine to form 
moleenles such as water, sugar, and proteins. 
Molecules, in turn, assoeiate in speeifie ways to 
form mieroseopie eells, the smallest units of all 
living things. We will examine the cellular level in 
Chapter 3. All eells have some eommon functions, 
but individual eells vary widely in size and shape, 
refleeting their particular hanetions in the body. 

The simplest living creatures are eomposed of 
single eells, but in complex organisms such as 
trees or human beings, the structural ladder eon- 
tinues on to the tissne level. Tissues eonsist of 
groups of similar eells that have a eommon func- 
tion. As we will discuss in ehapter 3, eaeh of the 
four basie tissue types (epithelial, eonneetive, 
muscular, and neural) plays a definite but different 
role in the body. 

An organ is a structure eomposed of two or 
more tissue types that performs a speeifie function 
for the body. At the organ level of organization, 
extremely complex functions beeome possible. 
For example, the small intestine, which digests 
and absorbs food, is eomposed of all four tissue 
types. An organ system is a group of organs that 
work together to aeeomplish a eommon prnpose. 
For example, the heart and blood vessels of the 
cardiovascular system circulate blood continuously 
to earry nutrients and oxygen to all body eells. 

In all, 11 organ systems make up the living hu- 
man being, or the organism, which represents 
the highest level of structural organization, the 
organismal level. The organismal level is the sum 
total of all structural levels working together to 
keep us alive. The major organs of eaeh of the 
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Smooth muscle eell 



(2)Cellular level 

Oells are made 
up of molecules. 




(T)Chemical level 

Átoms eombine to 
form molecules. 



(3)Tissue level 

Tissues eonsist of 
similar types of eells. 


Smooth 

muscle 

tissue 



Epithelial 

tissue 


Smooth 

muscle 


t ssue 


Oonneetive 

tissue 


(4)Organ level 
Organs are made up of 
different types of tissues. 


Blood 
vessels 


Heart 


rj . 

f 


Blood 

vessel 

(organ) 



Oardio- 

vascular 

system 


(5)Organ system level 

Organ systems eonsist of 
different organs that work 
together elosely. 



(6) Organismal level 

Human organisms are 
made up of many organ 
systems. 


Figure 1.1 Levels of structural organization. In this diagram, eomponents 
of the cardiovascular system are used to illustrate the levels of structural 
organization in a human being. 


systems are shown in Figure 1.2. Refer to the figure 
as you read through the following deseriptions of 
the organ systems. 

Organ System Overview 

lntegumentary System 

The integumentary (in-teg"u-men'tar-e) system 
is the external eovering of the body, or the skin. 
It waterproofs the body and cushions and proteets 
the deeper tissues from injury. It also excretes 


salts and urea in perspiration and helps regulate 
body temperature. Temperature, pressure, and 
pain reeeptors loeated in the skin alert us to what 
is happening at the body surface. 

Skeletal System 

The skeletal system eonsists of bones, eartilages, 
ligaments, and joints. It supports the body and 
provides a framework that the skeletal muscles 
use to cause movement. It also has a proteetive 
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function (for example, the skull eneloses and pro- 
teets the brain). Hematopoiesis (hem"ah-to-poi-e' sis), 
or formation of blood eells, takes plaee within 
the eavities of the skeleton. The hard substance 
of bones aets as a storehouse for minerals. 

Muscular System 

The muscles of the body have only one function— 
to eontraet, or shorten. When this happens, move- 
ment occurs. Henee, muscles ean be viewed as the 
“maehines” of the body. The mobility of the body 
as a whole refleets the aetivity of skeletal muscles, 
the large, fleshy muscles attaehed to bones. When 
these eontraet, you are able to stand ereet, walk, 
leap, grasp, throw a ball, or smile. The skeletal 
muscles form the muscular system. These mus- 
eles are distinet from the muscles of the heart and 
of other hollow organs, which move fluids (blood, 
urine) or other substances (such as food) along 
definite pathways within the body. 

Nervous System 

The nervous system is the body’s fast-aeting 
eontrol system. It eonsists of the brain, spinal 
eord, nerves, and sensory reeeptors. The body 
must be able to respond to irritants or stimuli 
eoming from outside the body (such as light, 
sound, or ehanges in temperature) and from in- 
side the body (such as deereases in oxygen or 
stretehing of tissue). The sensory reeeptors deteet 
these ehanges and send messages (via eleetrieal 
signals ealled nerve impulses ) to the eentral ner- 
vous system (brain and spinal eord) so that it is 
eonstantly informed about what is going on. The 
eentral nervous system then assesses this informa- 
tion and responds by aetivating the appropriate 
body effeetors (rmaseles or glands). 

Endoerine System 

Like the nervous system, the endoerine (en'do- 
krin) system eontrols body aetivities, but it aets 
much more slowly. The endoerine glands produce 
ehemieal molecules ealled hormones and release 
them into the blood to travel to relatively distant 
target organs. 

The endoerine glands include the pituitary, 
thyroid, parathyroids, adrenals, thymus, panereas, 
pineal, ovaries (in the female), and testes (in the 
male). The endoerine glands are not eonneeted 
anatomieally in the same way that parts of the other 
organ systems are. What they have in eommon is 


that they all seerete hormones, which regulate 
other structures. The body functions eontrolled 
by hormones are many and varied, involving every 
eell in the body. Growth, reproduction, and food 
use by eells are all eontrolled (at least in part) by 
hormones. 

Cardiovascular System 

The primary organs of the cardiovascular system 
are the heart and blood vessels. Using blood as 
the transporting fluid, the cardiovascular system 
earries oxygen, nutrients, hormones, and other sub- 
stanees to and from the tissue eells where exchanges 
are made. White blood eells and ehemieals in the 
blood help to proteet the body from such foreign 
invaders as baeteria, toxins, and tumor eells. The 
heart aets as the blood pump, propelling blood 
out of its ehambers into the blood vessels to be 
transported to all body tissues. 

Lymphatie System 

The role of the lymphatie system eomplements 
that of the cardiovascular system. Its organs in- 
clude lymphatie vessels, lymph nodes, and other 
lymphoid organs such as the spleen and tonsils. 
The lymphatie vessels return fluid leaked from the 
blood baek to the blood vessels so that blood ean 
be kept continuously circulating through the body. 
The lymph nodes and other lymphoid organs help 
to eleanse the blood and house eells involved in 
immunity. 

Respiratory System 

The job of the respiratory system is to keep the 
body eonstantly supplied with oxygen and to re- 
move earbon dioxide. The respiratory system eon- 
sists of the nasal passages, pharynx, larynx, traehea, 
bronehi, and lungs. Within the lungs are tiny air 
saes. Gases are transported to and from the blood 
through the thin walls of these air saes. 

Digestive System 

The digestive system is basieally a tube mnning 
through the body from mouth to anus. The organs 
of the digestive system include the oral eavity 
(mouth), esophagus, stomaeh, small and large in- 
testines, and rectum plus a number of aeeessory 
organs (liver, salivary glands, panereas, and oth- 
ers). Their role is to break down food and deliver 
the products to the blood for dispersal to the body 
eells. The undigested food that remains in the traet 



Skeletal 
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Skin 



Cartilages 


Joint 

Bones 



(a) lntegumentary System 


Forms the external body eovering; 
proteets deeper tissue from injury; 
synthesizes vitamin D; loeation of 
cutaneous (pain, pressure, ete.) 
reeeptors and svveat and oil glands. 


(b) Skeletal System 


Proteets and supports body organs; 
provides a framevvork the rrmseles 
use to cause movement; blood eells 
are formed vvithin bones; stores 
minerals. 


(e) Muscular System 


Allovvs manipulation of the 
environment, loeomotion, and faeial 
expression; maintains posture; 
produces heat. 



Brain 

Sensory 

reeeptor 

Spinal 

eord 


Nerves 



Pineal gland 
Pituitary gland 


Thyroid gland 
(parathyroid glands 
on posterior aspeet) 


Thymus gland 

Adrenal glands 
Panereas 


Testis (male) 


Ovary (female) 



Heart 


Blood 

vessels 


(d) Nervous System 


Fast-aeting eontrol system of the 
body; responds to internal and 
external ehanges by aetivating 
appropriate muscles and glands. 


(e) Endoerine System 


Glands seerete hormones that 
regulate proeesses such as grovvth, 
reproduction, and nutrient use by 
body eells. 


(f) Cardiovascular System 


Blood vessels transport blood, vvhieh 
earries oxygen, earbon dioxide, 
nutrients, vvastes, ete.; the heart 
pumps blood. 


Figure 1.2 The body’s organ systems. 


(Continues on page 6) 
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(g) Lymphatie System 


(h) Respiratory System 


(i) Digestive System 


Pieks up fluid leaked from blood 
vessels and returns it to blood; 
disposes of debris in the lymphatie 
stream; houses vvhite blood eells 
involved in imrrmnity. 


Keeps blood eonstantly supplied 
vvith oxygen and removes earbon 
dioxide; the gaseous exchanges 
occur through the vvalls of the air 
saes of the lungs. 


Breaks food dovvn into absorbable units 
that enter the blood for distribution to 
body eells; indigestible foodstuffs are 
eliminated as feees. 



Kidney 
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Llrinary 

bladder 
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(j) Llrinary System 


Eliminates nitrogen-eontaining 
vvastes from the body; regulates 
vvater, eleetrolyte, and aeid-base 
balanee of the blood. 
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(k) Male Reproductive System (I) Female Reproductive System 


Overall function of the reproductive system is production of offspring. Testes 
produce sperm and male sex hormone; ducts and glands aid in delivery of viable 
sperm to the female reproductive traet. Ovaries produce eggs and female sex 
hormones; remaining structures serve as sites for fertilization and development of 
the fetus. Mammary glands of female breast produce milk to nourish the nevvborn. 


Figure 1.2 (continued) The body’s organ systems. 
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leaves the body through the anus as feees. The 
breakdown aetivities that begin in the mouth are 
eompleted in the small intestine. From that point 
on, the major function of the digestive system is to 
reelaim water. The liver is eonsidered a digestive 
organ because the bile it produces helps to break 
down fats. The panereas, which delivers digestive 
enzymes to the small intestine, also is functionally 
a digestive organ. 

llrinary System 

The body produces wastes as by-products of its 
normal functions, and these wastes must be dis- 
posed of. One type of waste eontains nitrogen 
(examples are urea and uric aeid), which results 
when the body eells break down proteins and 
nucleic aeids. The urinary system removes the 
nitrogen-eontaining wastes from the blood and 
flushes them from the body in urine. This system, 
often ealled the excretory system, is eomposed of 
the kidneys, ureters, bladder, and urethra. Other 
important functions of this system include main- 
taining the body’s water and salt (eleetrolyte) 
balanee and regulating the aeid-base balanee of 
the blood. 

Reproductive System 

The reproductive system exists primarily to pro- 
duce offspring. The testes of the male produce 
sperm. Other male reproductive system structures 
are the scrotum, penis, aeeessory glands, and the 
duct system, which earries sperm to the outside of 
the body. The ovaries of the female produce eggs, 
or ova; the female duct system eonsists of the uter- 
ine tubes, uterus, and vagina. The uterus provides 
the site for the development of the fetus (immature 
infant) onee fertilization has occurred. 


Neeessary Life Functions 

Now that we have introduced the structural levels 
eomposing the human body, a question naturally 
follows: What does this highly organized human 
body do? Like all complex animals, human beings 
maintain their boundaries, move, respond to envi- 
ronmental ehanges, take in and digest nutrients, 
earry out metabolism, dispose of wastes, repro- 
duce themselves, and grow. We will discuss eaeh 
of these neeessary life functions briefly here and 
in more detail in later ehapters. 

Organ systems do not work in isolation; instead, 
they work together to promote the well-being of 
the entire body (Figure 1.3). Because this theme is 
emphasized throughout this book, it is worthwhile 
to identify the most important organ systems eon- 
tributing to eaeh of the neeessary life functions. 
Also, as you read through this material, you may 
want to refer baek to the more detailed deserip- 
tions of the organ systems provided on pp. 3 
through 7 and in Figure 1.2. 

Maintaining Boundaries 

Every living organism must be able to maintain its 
boundaries so that its “inside” remains distinet 
from its “outside.” Every eell of the human body 
is surrounded by an external membrane that 
eontains its eontents and allows needed sub- 
stanees in while generally preventing entry of po- 
tentially damaging or unnecessary substances. 
The body as a whole is also enelosed by the in- 
tegumentary system, or skin. The integumentary 
system proteets internal organs from drying out 
(which would be fatal), from baeteria, and from 
the damaging effeets of heat, sunlight, and an un- 
believable number of ehemieal substances in the 
external environment. 


DID YOU GET IT 



3. At vvhieh level of structural organization is the 
stomaeh? At vvhieh level is a glucose molecule? 

4. Which organ system includes the traehea, lungs, 
nasal eavity, and bronehi? 

For answers, see Appendix D. 


Maintaining Life 

List eight functions that humans must perform to 
maintain life. 

,z List the five survival needs of the human body. 


Movement 

Movement includes all the aetivities promoted 
by the muscular system, such as propelling our- 
selves from one plaee to another (by walking, 
swimming, and so forth) and manipulating the 
external environment with our fingers. The skele- 
tal system provides the bones that the muscles 
pull on as they work. Movement also occurs 
when substances such as blood, foodstuffs, and 
urine are propelled through the internal organs 
of the cardiovascular, digestive, and urinary sys- 
tems, respeetively. 
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Digestive system 

Takes in nutrients, breaks them 
down, and eliminates unabsorbed 
matter (feees) 

Food 


Respiratory system 

Takes in oxygen and eliminates 
earbon dioxide 





Cardiovascular system 

Via the blood, distributes oxygen and 
nutrients to all body eells and delivers 
wastes and earbon dioxide to 
disposal organs 



lJ) 


Blood 






Heart 


Nutrients 


LJrinary system 

Eliminates 
nitrogen-eontaining 
wastes and excess 
ions 


Interstitial fluid 








! 



Nutrients and wastes pass 
between blood and eells 
via the interstitial fluid 







lntegumentary system 

Proteets the body as a vvhole 
from the external environment 


Llrine 


Figure 1.3 Examples of seleeted snterrelatìonships among body organ systems 


Responsiveness 

Responsiveness, or irritability, is the ability to 
sense ehanges (stimuli) in the environment and 
then to reaet to them. For example, if you cut your 
hand on broken glass, you involuntarily pull your 
hand away from the painful stimulus (the broken 
glass). You do not need to think about it—it just 
happens! Likewise, when the amount of earbon 


dioxide in your blood rises to dangerously high 
levels, your breathing rate speeds up to blow off 
the excess earbon dioxide. 

Because nerve eells are highly irritable and 
ean communicate rapidly with eaeh other via elee- 
trieal impulses, the nervous system bears the ma- 
jor responsibility for responsiveness. However, all 
body eells are irritable to some extent. 
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Digestion 

Digestion is the proeess of breaking down in- 
gested food into simple molecules that ean then be 
absorbed into the blood. The nutrient-rich blood 
is then distributed to all body eells by the eardio- 
vascular system. In a simple, one-eelled organism 
such as an amoeba, the eell itself is the “digestion 
faetory,” but in the complex, multicellular human 
body, the digestive system performs this function 
for the entire body. 

Metabolism 

Metabolism is a broad term that refers to all 
ehemieal reaetions that occur within body eells. It 
includes breaking down complex substances into 
simpler building bloeks, making larger structures 
from smaller ones, and using nutrients and oxygen 
to produce molecules of adenosine triphosphate 
(ATP), the energy-rieh molecules that power cellu- 
lar aetivities. Metabolism depends on the digestive 
and respiratory systems to make nutrients and oxy- 
gen available to the blood and on the cardiovascu- 
lar system to distribute these needed substances 
throughout the body. Metabolism is regulated 
ehiefly by hormones seereted by the glands of the 
endoerine system. 

Excretion 

Excretion is the proeess of removing excreta 
(ek-skre' tah), or wastes, from the body. If the body 
is to continue to operate as we expect it to, it must 
get rid of the nonuseful substances produced 
during digestion and metabolism. Several organ 
systems partieipate in excretion. For example, the 
digestive system rids the body of indigestible food 
residues in feees, and the urinary system disposes 
of nitrogen-eontaining metabolie wastes in urine. 

Reproduction 

Reproduction, the production of offspring, ean 
occur on the cellular or organismal level. In cellu- 
lar reproduction, the original eell divides, produc- 
ing two identieal daughter eells that may then be 
used for body growth or repair. Reproduction of 
the human organism, or making a whole new per- 
son, is the task of the organs of the reproductive 
system, which produce sperm and eggs. When a 
sperm unites with an egg, a fertilized egg forms, 
which then develops into a baby within the 
mother’s body. The function of the reproductive 


system is regulated very preeisely by hormones of 
the endoerine system. 

Growth 

Growth is an inerease in size, usually aeeom- 
plished by an inerease in the number of eells. For 
growth to occur, eell-eonstmeting aetivities must 
occur at a faster rate than eell-destroying ones. 
Hormones released by the endoerine system play 
a major role in direeting growth. 

Survival Needs 

The goal of nearly all body systems is to maintain 
life. However, life is extraordinarily fragile and 
requires that several faetors be available. These 
faetors, which we will eall smvival needs, inehide 
nutrients (food), oxygen, water, and appropriate 
temperatrire and atmospherie pressure. 

Nutrients, which the body takes in through 
food, eontain the ehemieals used for energy and 
eell building. Carbohydrates are the major energy- 
providing fuel for body eells. Proteins and, to a 
lesser extent, fats are essential for building eell 
stmctures. Fats also cushion body organs and pro- 
vide reserve fuel. Minerals and vitamins are required 
for the ehemieal reaetions that go on in eells and 
for oxygen transport in the blood. 

All the nutrients in the world are useless 
unless oxygen is also available. Because the 
ehemieal reaetions that release energy from foods 
require oxygen, human eells ean srnvive for only a 
few minutes without it. Approximately 20 pereent 
of the air we breathe is oxygen. It is made avail- 
able to the blood and body eells by the eoopera- 
tive efforts of the respiratory and cardiovascular 
systems. 

Water accounts for 60 to 80 pereent of body 
weight. It is the single most abundant ehemieal 
substance in the body and provides the fluid base 
for body seeretions and excretions. We obtain water 
ehiefly from ingested foods or liquids and we lose 
it by evaporation from the lungs and skin and in 
body excretions. 

If ehemieal reaetions are to continue at life- 
sustaining levels, normal body temperature 

must be maintained. As body temperature drops 
below 37°C (98°F), metabolie reaetions beeome 
slower and slower and finally stop. When body 
temperature is too high, ehemieal reaetions pro- 
eeed too rapidly, and body proteins begin to 

(Continues on page 12) 
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Medieal Imaging: llliiminating the Body 


By bombarding the body with energy, 
new seanning techniques ean reveal 
the structure of internal organs and 
wring out information about the 
private and, until now, seeret working 
of their molecules. These new 
imaging techniques are ehanging the 
faee of medieal diagnosis. 

Llntil about 50 years ago, the 
magieal but murky X ray was the only 
means of peering into a living body. 
What X rays did and still do best was 
visualize hard, bony structures and 
loeate abnormally dense structures 
(tumors, tuberculosis nodules) in the 
lungs. The 1950s saw the birth of 
nuclear medieine, which uses 
radioisotopes to sean the body, 
and ultrasound techniques. In the 
1970s, CT, PET, and MRI seanning 
techniques were introduced. 

The best known of new imaging 
deviees is computed tomography 
(CT) (formerly ealled computerized 
axial tomography, or CAT) a refined 
version of X ray. A CT seanner 
eonfines its beam to a thin sliee of 
the body, about as thiek as a dime, 
and ends the confusion resulting 
from images of overlapping 
structures seen in eonventional 
X-ray images. As the patient is slowly 
moved through the doughnut-shaped 
CT maehine, its X-ray tube rotates 
around the body. Different tissues 
absorb the radiation in varying 
amounts. The deviee’s computer 
translates this information into a 
detailed, eross-seetional picture of 
the body region seanned; see photo 
(a). CT seans are at the forefront in 
evaluating most problems that affeet 
the brain and abdomen, and their 
elarity has all but eliminated 
exploratory surgery. Speeial ultrafast 
CT seanners have produced a 


technique ealled dynamie spatial 
reeonstmetion (DSR), which 
provides three-dimensional images 
of body organs from any angle. 

It also allows their movements and 
ehanges in their internal volumes to 
be observed at normal speed, in slow 
motion, and at a speeifie moment in 
time. The greatest value of DSR has 
been to visualize the heart beating 
and blood flowing through blood 
vessels. This allows medieal 
personnel to assess heart defeets, 
eonstrieted blood vessels, and the 
status of eoronary bypass grafts. 

Another computer-assisted X-ray 
technique is digital subtraction 
angiography (DSA) (angiography = 
vessel pictures). This technique 
provides an unobstructed view of 
diseased blood vessels; see photo 
(b). Conventional radiographs are 
taken before and after a eontrast 
medium is injeeted into an artery. 
Then the computer subtracts the 
“before” image from the “after” image, 
eliminating all traees of body structures 
that obscure the vessel. DSA is 
often used to identify bloekages in 
the arteries that supply the heart 
wall and the brain; see photo (b). 

Just as the X ray spawned “new 
teehnologies,” so did nuclear 
medieine in the form of positron 
emission tomography (PET). PET 
excels in observing metabolie 
proeesses. After reeeiving an injeetion 
of short-lived radioisotopes that have 
been tagged to biologieal molecules 
(such as glucose), the patient is 
positioned in the PET seanner. As the 
radioisotopes are absorbed by the 
most aetive brain eells, high-energy 
gamma rays are produced. The 
computer analyzes the gamma 
emission and produces a picture of 


the brain’s bioehemieal aetivity in vivid 
eolors. PET’s greatest elinieal value 
has been its ability to provide insights 
into brain aetivity in people affeeted 
by mental illness, Alzheimer’s disease, 
and epilepsy. Currently PET ean 
reveal signs of trouble in those with 
undiagnosed Alzheimer’s disease (AD) 
because regions of beta-amyloid 
accumulation (a defining 
eharaeteristie of AD) show up in 
brilliant red and yellow, as in photo (e). 
PET seans ean also help to prediet 
who may develop AD in the future. 

Ultrasound imaging, or 
ultrasonography, has some distinet 
advantages over the approaehes 
deseribed so far. The equipment is 
inexpensive, and it employs 
high-frequency sound waves 
(ultrasound) as its energy source. 
Ultrasound, unlike ionizing forms of 
radiation, has no harmful effeets on 
living tissues (as far as we know). The 
body is probed with pulses of sound 
waves, which cause eehoes when 
refleeted and seattered by body 
tissues. The eehoes are analyzed by 
computer to eonstmet visual images 
of body organs of interest. Because of 
its safety, ultrasound is the imaging 
technique of ehoiee for obstetries, 
that is, for determining fetal age and 
position and loeating the plaeenta (see 
d). Because sound waves have very 
low penetrating power and are rapidly 
seattered in air, sonography is of little 
value for looking at air-filled structures 
(the lungs) or those surrounded by 
bone (the brain and spinal eord). 

Another technique that depends 
on nonionizing radiation is magnetie 
resonanee imaging (MRI), which 
uses magnetie fields up to 60,000 
times stronger than Earth’s to pry 
information from the body’s tissues. 
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The patient lies in a ehamber within a 
huge magnet. Hydrogen molecules 
spin like tops in the magnetie field, 
and their energy is enhaneed by radio 
waves. When the radio waves are 
turned off, the energy is released and 
translated by the computer into a 
visual image (see Figure 1.6, p. 18). 
MRI is immensely popular because it 
ean do many things a CT sean 
eannot. Dense structures do not 
show up in MRI, so bones of the skull 
and/or vertebral column do not impair 
the view of soft tissues such as the 
brain. MRI is also particularly good at 
deteeting degenerative disease of 
various kinds. Multiple selerosis 
plaques, for example, do not show up 
well in CT seans but are dazzlingly 
elear in MRI seans. 

Llntil reeently, trying to diagnose 
asthma and other lung problems has 
been off limits to MRI seans 
because the lungs have a low water 
eontent. However, an alternate 
taek—filling the lungs with a gas 
that ean be magnetized —has 
yielded spectacular pictures of the 
lungs in just the few seeonds it 
takes the patient to inhale, hold the 
breath briefly, and then exhale. 

A variation of MRI ealled 
magnetie resonanee 
speetroseopy (MRS) maps the 
distribution of elements other than 
hydrogen to reveal more about how 
disease ehanges body ehemistry. In 
1992, MRI teehnology leaped forward 
with the development of the 
fiinetional MRI (fMRI), which allows 
traeking of blood flow into the brain in 
real time. Llntil then, matehing 
thoughts, deeds, and disease to 
eorresponding brain aetivity had been 
the sole domain of PET. Because 
functional MRI does not require 
injeetions of traeer elements, it 
provides another, perhaps more 
desirable, alternative. Despite its 
advantages, the powerful elanging 



(a) CT sean showing a brain (b) DSA image of arteries supplying 
tumor (oval area on right the heart. 
side of brain). 



(e) In a PET sean, regions of beta-amyloid accumulation 
“lìght up” (red-yellow) in an Alzheìmer’s patient (left) 
but not in a healthy person (right). 



(d) Sonogram of a fetus. 


magnets of the MRI present some 
thorny problems. For example they 
ean “suck” metal objeets, such as 


implanted paeemakers and loose tooth 
fillings, through the body. Also, there is 
no eonvineing evidenee that such 
magnetie fields are risk free. 

As you ean see, modern medieal 
seienee has some remarkable 
diagnostie tools at its disposal. 

CT and PET seans account for 
about 25 pereent of all imaging. 
Llltrasonography, because of its safety 
and low eost, is the most widespread 
of the new techniques. Conventional 
X rays remain the workhorse of 
diagnostie imaging techniques and still 
account for more than half of all 
imaging currently done. 
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break down. At either extreme, death occurs. Most 
body heat is generated by the aetivity of the skele- 
tal muscles. 

The foree exerted on the surface of the body 
by the weight of air is referred to as atmospherie 
pressure. Breathing and the exchange of oxygen 
and earbon dioxide in the lungs depend on appro- 
priate atmospherie pressure. At high altitudes, 
where the air is thin and atmospherie pressure is 
lower, gas exchange may be too slow to support 
cellular metabolism. 

The mere presenee of these smvival faetors is 
not sufficient to maintain life. They must be pres- 
ent in appropriate amounts as well; excesses and 
defieits may be equally harmful. For example, the 
food ingested must be of high quality and in 
proper amounts; otherwise, nutritional disease, 
obesity, or starvation is likely. 


DID YOU GET IT 



5. In addition to being able to metabolize, grow, digest 
food, and excrete wastes, what other fmetions must 
an organism perform if it is to survive? 

6 . Oxygen is a survival need. Why is it so important? 

For answers, see Appendix D. 


Homeostasis 

Define homeostasis, and explain its importanee. 

Define negative feedbaek, and deseribe its role in 

maintaining homeostasis and normal body function. 

When you really think about the faet that your 
body eontains trillions of eells in nearly eonstant 
aetivity, and that remarkably little usually goes 
wrong with it, you begin to appreeiate what a 
marvelous maehine your body really is. The word 
homeostasis (ho"me-o-sta'sis) deseribes the 
body’s ability to maintain relatively stable internal 
eonditions even though the outside world is eon- 
tinuously ehanging. Although the literal translation 
of homeostasis is “unchanging” ( homeo = the 
same; stasis = standing still), the term does not re- 
ally mean an unchanging state. Instead, it indieates 
a dynamie state of equilibrium, or a balanee in 
which internal eonditions ehange and vary but 
always within relatively narrow limits. 

In general, the body demonstrates homeostasis 
when its needs are being adequately met and it is 
functioning smoothly. Virtually every organ system 


plays a role in maintaining the eonstaney of the in- 
ternal environment. Adequate blood levels of vital 
nutrients must be continuously present, and heart 
aetivity and blood pressure must be eonstantly 
monitored and adjusted so that the blood is pro- 
pelled with adequate foree to reaeh all body tis- 
sues. Additionally, wastes must not be allowed to 
accumulate, and body temperature must be pre- 
eisely eontrolled. 

Homeostatie Controls 

Communication within the body is essential for 
homeostasis and is aeeomplished ehiefly by the 
nervous and endoerine systems, which use eleetri- 
eal signals delivered by nerves or bloodborne hor- 
mones, respeetively, as information earriers. The 
details of how these two regulating systems oper- 
ate are the subjects of later ehapters, but we ex- 
plain the basie eharaeteristies of the neural and 
hormonal eontrol systems that promote homeosta- 
sis here. 

Regardless of the faetor or event being regu- 
lated (this is ealled the variable ), all homeostatie 
eontrol meehanisms have at least three eompo- 
nents (Figure 1.4). The first eomponent is a 
reeeptor. Essentially, it is some type of sensor that 
monitors and responds to ehanges in the environ- 
ment. It responds to such ehanges, ealled stimnli, by 
sending information (input) to the seeond element, 
the eontrol eenter. Information fiows from the 
reeeptor to the eontrol eenter along the afferent 
pathivay. (It may help to remember that information 
traveling along the afferent pathway approaehes the 
eontrol eenter.) 

The eontrol eenter, which determines the 
level (set point) at which a variable is to be main- 
tained, analyzes the information it reeeives and 
then determines the appropriate response or course 
of aetion. 

The third eomponent is the effeetor, which 
provides the means for the eontrol eenter’s re- 
sponse (output) to the stimulus. Information flows 
from the eontrol eenter to the effeetor along the 
efferent pathivay. (Efferent information exits from 
the eontrol eenter.) The results of the response then 
feed baek to influence the stimulus, either by de- 
pressing it (negative feedbaek), so that the whole 
eontrol meehanism is shut off; or by enhaneing 
it (positive feedbaek), so that the reaetion continues 
at an even faster rate. 
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If this eontrot system were regulating room temperature, what apparatus would 
be the effeetor? 


(3)lnput: Information 
sent along afferent 
pathway to eontrol 
eenter. 


Control 

Center 


(í)Output: Information 
sent along efferent 
pathway to effeetor. 


(g) Reeeptor 

deteets ehange. 


0 Stimulus 

produces 
ehange in 
variable. 


Reeeptor 


Afferent 

pathvvay 


Efferent 
pathvvay 





/% 




$ 9 $ 



VARIABLE (in homeostasis) 


(5) Response 

of effeetor feeds 
baek to reduce 
the effeet of 
stimulus and 
returns variable 
to homeostatie level 



\ 


/% 






Figure 1.4 The elements of a homeostatíe eontrol system. 

interaetion between the reeeptor, eontrol eenter, and effeetor is 
essential for normal operation of the system. 


Most homeostatie eontrol meehanisms are 
negative feedbaek meehanisms. In such sys- 
tems, the net effeet of the response to the stimulus 
is to shut off the original stimulus or reduce its in- 
tensity. A good example of a nonbiologieal nega- 
tive feedbaek system is a home heating system 
eonneeted to a thermostat. In this situation, the 
thermostat eontains both the reeeptor and the eon- 
trol eenter. If the thermostat is set at 20°C (68°F), 
the heating system (effeetor) will be triggered ON 
when the house temperature drops below that set- 
ting. As the furnace produces heat, the air is 
warmed. When the temperature reaehes 20°C or 
slightly higher, the thermostat sends a signal to 
shut off the furnace. Your body “thermostat,” lo- 
eated in a part of your brain ealled the hypothal- 
amus, operates in a similar way to regulate body 
temperature. Other negative feedbaek meeha- 
nisms regulate heart rate, blood pressure, breathing 
rate, and blood levels of glucose, oxygen, earbon 
dioxide, and minerals. 

R: 


Positive feedbaek meehanisms are rare in the 
body because they tend to inerease the original dis- 
turbance (stimulus) and to push the variable farther 
from its original value. Typieally these meehanisms 
eontrol infrequent events that occur explosively and 
do not require continuous adjustments. Blood elot- 
ting and the birth of a baby are the most familiar 
examples of positive feedbaek meehanisms. 

HOMEOSTATIC IMBALANCE 

Homeostasis is so important that most 
disease ean be regarded as a result of its distur- 
banee, a eondition ealled homeostatie imbal- 
anee. As we age, our body organs beeome less 
effieient, and our internal eonditions beeome less 
and less stable. These events plaee us at an in- 
ereasing risk for illness and produce the ehanges 
we assoeiate with aging. 

We provide examples of homeostatie imbal- 
anee throughout this book to enhanee your under- 
standing of normal physiologieal meehanisms. 



■jeujnq //o jo ooemnj. BunejouoB-ieoq oq± 
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These homeostatie imbalanee seetions are pre- 
eeded by the symbol ■ to alert you that an 
abnormal eondition is being deseribed. ) 

DID YOU GET IT 

7. When we say that the body demonstrates 
homeostasis, do we mean that eonditions in the body 
are iinehanging? Explain your answer. 

8 . When we begin to beeome dehydrated, we usually 
get thirsty, which causes us to drink liquids. Is the 
thirst sensation part of a negative or a positive 
feedbaek eontrol system? Defend your ehoiee. 

For answers, see Appendix D. 

The Language of Anatomy 

Verbally deseribe or demonstrate the anatomieal 
position. 

Use proper anatomieal terminology to deseribe body 
direetions, surfaces, and body planes. 

Loeate the major body eavities, and list the ehief 
organs in eaeh eavity. 

Learning about the body is exciting, but our inter- 
est sometimes dwindles when we are faeed with 
the terminology of anatomy and physiology. Let’s 
faee it. You ean’t just piek up an anatomy and 
physiology book and read it as though it were a 
novel. Unfortunately, confusion is inevitable with- 
out speeialized terminology. For example, if you 
are looking at a ball, “above” always means the 
area over the top of the ball. Other direetional 
terms ean also be used eonsistently because the 
ball is a sphere. All sides and surfaces are equal. 
The human body, of course, has many protmsions 
and bends. Thus, the question beeomes: Above 
what? To prevent misunderstanding, anatomists 
use a set of terms that allow body structures to be 
loeated and identified elearly with just a few 
words. We present and explain this language of 
anatomy next. 

Anatomieal Position 

To accurately deseribe body parts and position, 
we must have an initial referenee point and use di- 
reetional terms. To avoid confusion, we always 
assume that the body is in a standard position 
ealled the anatomieal position. It is important 


to understand this position because most body 
terminology used in this book refers to this body po- 
sitioning regardless of the position the body hap- 
pens to be in. The faee-front diagrams in Figure 
1.5 and Table 1.1 illustrate the anatomieal posi- 
tion. As you ean see, the body is ereet with the 
feet parallel and the arms hanging at the sides 
with the palms faeing forward. 

• Stand up and assume the anatomieal position. 
Notiee that it is similar to “standing at attention” 
but is less eomfortable because the palms are 
held unnaturally forward (with thumbs point- 
ing away from the body) rather than hanging 
cupped toward the thighs. 

Direetional Terms 

Direetional terms allow medieal personnel and 
anatomists to explain exactly where one body 
structure is in relation to another. For example, 
we ean deseribe the relationship between the 
ears and the nose informally by saying, “The ears 
are loeated on eaeh side of the head to the right 
and left of the nose.” Using anatomieal terminol- 
ogy, this eondenses to, “The ears are lateral to 
the nose.” Using anatomieal terminology saves a 
good deal of deseription and, onee learned, is 
much elearer. Commonly used direetional terms 
are defined and illustrated in Table 1.1. Although 
most of these terms are also used in everyday 
eonversation, keep in mind that their anatomieal 
meanings are very preeise. 

Before continuing, take a minute to eheek 
your understanding of what you have read in 
Table 1.1. Give the relationship between the fol- 
lowing body parts using the eorreet anatomieal 
terms. 

The wrist is_to the hand. 

The breastbone is_to the spine. 

The brain is_to the spinal eord. 

The thumb is_to the fingers. (Be careful 

here. Remember the anatomieal position.) 

Regional Terms 

There are many visible landmarks on the surface of 
the body. Onee you know their proper anatomieal 
names, you ean be speeifie in referring to different 
regions of the body. 







Table 1.1 


Orientation and Direetional Terms 


Term 


Definition 


lllnstration Example 


Superior (eranial 
or eephalad) 


Inferior (caudal)* 


Ventral (anterior) 1 
Dorsal (posterior) 1 


Medial 


Lateral 


Intermediate 


Proximal 


Distal 


Superficial (external) 


Deep (internal) 


Toward the head end or upper 
part of a structure or the body; 
above 


Away from the head end or 
toward the lower part of a 
structure or the body; below 


Toward or at the front of 
the body; in front of 

Toward or at the baekside 
of the body; behind 

Toward or at the midline of the 
body; on the inner side of 


Away from the midline of the 
body; on the outer side of 


Between a more medial 
and a more lateral structure 

Close to the origin of the body 
part or the point of attaehment 
of a limb to the body trunk 


Farther from the origin of a 
body part or the point of 
attaehment of a limb to the 
body trunk 


Toward or at the body surface 


Away from the body surface; 
more internal 



The forehead is superior to the 
nose. 


The navel is inferior to the 
breastbone. 


The breastbone is anterior to 
the spine. 

The heart is posterior to the 
breastbone. 

The heart is medial to the arm. 


The arms are lateral to the 
ehest. 


The eollarbone is intermediate 
between the breastbone 
and the shoulder. 

The elbow is proximal to the 
wrist (meaning that the elbow 
is eloser to the shoulder or 
attaehment point of the arm 
than the wrist is). 


The knee is distal to the thigh. 


The skin is superficial to the 
skeleton. 

The lungs are deep to the rib 
eage. 


*The term caudal, literally “toward the tail,” is synonymoiis with inferior only to the inferior end of the spine. 

t Ventral and anterior are synonymous in humans; this is not the ease in four-legged animals. Ventral refers to the “belly” of an animal and thus 
is the inferior surface of four-legged animals. Likewise, although the dorsal and posterior surfaces are the same in humans, the term dorsal 
refers to an animal’s baek. Thus, the dorsal surface of four-legged animals is their superior surface. 
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Study this figure for a moment to ansvver these two questions. VVhere would you 
hurt ifyou (1) puiled a groin muscle or (2) eraeked a bone in your oieeranai area? 


Cephalic 

Frontal 
Orbital 
Nasal 
Buccal 
Oral 
Mental 

Cervical 

Thoraeie 

Sternal 
Axillary 

Abdominal 

LJmbilieal 

Pelvie 

lnguinal 
(groin) 


Pubic (genital) 


KEY: 



Thorax 
Abdomen 
Baek (Dorsum) 


Upper limb 

Aeromial 

Deltoid 

Braehial (arm) 
Antecubital 
Oleeranal 

Antebraehial 
(forearm) 

Oarpal (wrist) 


Manus (hand) 

Digital 


Lower limb 

Coxal (hip) 

Femoral (thigh) 
Patellar 
Popliteal 

Crural (leg) 
Sural (ealf) 

Fibular 

Pedal (foot) 

Tarsal (ankle) 

Calcaneal 

Digital 
Plantar 



Cephalic 

Oeeipital (baek 
of head) 

Gervieal 


Baek (dorsal) 

Scapular 

Vertebral 


Lumbar 


Saeral 


Gluteal 


(a) Anterior/Ventral 


(b) Posterior/Dorsal 


Figure 1.5 Regional terms used to designate speeifie body areas. (a) The 

anatomieal position. (b) The heels are raised slightly to show the inferior plantar surface 
(sole) of the foot, which is actually on the inferior surface of the body. 


Anterior Body Landmarks 

Look at Figure 1.5a to find the following body re- 
gions. Onee you have identified all the anterior 
body landmarks, eover the labels that deseribe 
what the stmctures are. Then go through the list 
again, pointing out these areas on your own body. 

• abdominal (ab-dom'i-nal): anterior body 
trunk inferior to ribs 

• aeromial (ah-kro'me-ul): point of shoulder 

• antebraehial (an"te-bra'ke-ul): forearm 

■ 

-(joidoj /v\oqie JOUdisod jno\ (z) 'oojo /ei/;n£i/; jno\ (i) 


• antecubital (an"te-ku'bí-tal); anterior surface 
of elbow 

• axillary (ak'sí-lar"e): armpit 

• braehial (bra'ke-al): arm 

• buccal (buk'al): eheek area 

• earpal (kar'pal): wrist 

• eervieal (ser'ví-kal): neek region 

• coxal (kox'al): hip 

• crural (kroo'ral): leg 
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• deltoid (del'toyd): curve of shoulder formed 
by large deltoid muscle 

• digital (dij' í-tal): fingers, toes 

• femoral (fem'or-al): thigh 

• fibular (fib' u-lar): lateral part of leg 

• frontal (frun'-tal): forehead 

• inguinal (in'gwi-nal): area where thigh meets 
body tmnk; groin 

• mental (men'tul): ehin 

• nasal (na'zul): nose area 

• oral (o'ral): mouth 

• orbital (or'bi-tal): eye area 

• patellar (pah-tel'er): anterior knee 

• pelvie (pel'vik): area overlying the pelvis ante- 
riorly 

• pubic (pu'bik): genital region 

• sternal (ster'nul): breastbone area 

• tarsal (tar'sal): ankle region 

• thoraeie (tho-ras'ik): ehest 

• umbilical (um-bil'í-kal): navel 

Posterior Body Landmarks 

Identify the following body regions in Figure 1.5b, 
and then loeate them on yourself without referring 
to this book. 

• ealeaneal (kal-ka'ne-ul): heel of foot 

• eephalie (seh-fà'lik): head 

• femoral (fem'or-al): thigh 

• gluteal (gloo'te-al): buttock 

• lumbar (lum'bar): area of baek between ribs 
and hips, the loin 

• oeeipital (ok-sip'i-tal): posterior surface of 
head or base of skull 

• oleeranal (ol-eh-era'nel): posterior surface of 
elbow 

• popliteal (pop-lit'e-al): posterior knee area 

• saeral (sa'kml): area between hips 

• scapular (skap'u-lar): shoulder blade region 

• sural (soo'ral): the posterior surface of leg; 
the ealf 

• vertebral (ver'té-bral): area of spinal column 

The plantar region, or the sole of the foot, actu- 
ally on the inferior body surface, is illustrated 


along with the posterior body landmarks in 
Figure 1.5b. 


DID YOU GET IT 



9. What is the anatomieal position and why is 

understanding this position important to an anatomy 
student? 


10. The axillary and the aeromial areas are both in the 
general area of the shoulder. To what speeifie body 
area does eaeh of these terms apply? 

For answers, see Appendix D. 


Body Planes and Seetions 

When preparing to look at the internal structures 
of the body, medieal students make a seetion, or 
cut. When the seetion is made through the body 
wall or through an organ, it is made along an 
imaginary line ealled a plane. Because the body is 
three-dimensional, we ean refer to three types of 
planes or seetions that lie at right angles to one 
another (Figure 1.6). 

A sagittal (saj'i-tal) seetion is a cut along the 
lengthwise, or longitudinal, plane of the body, di- 
viding the body into right and left parts. If the cut 
is down the median plane of the body and the 
right and left parts are equal in size, it is ealled a 
median, or midsagittal, seetion. All other sagit- 
tal seetions are parasagittal seetions (para = near). 

A frontal seetion is a cut along a lengthwise 
plane that divides the body (or an organ) into 
anterior and posterior parts. It is also ealled a 
eoronal (ko-ro'nal, “crown”) seetion. 

A transverse seetion is a cut along a hori- 
zontal plane, dividing the body or organ into su- 
perior and inferior parts. It is also ealled a eross 
seetion. 

Seetioning a body or one of its organs along 
different planes often results in very different 
views. For example, a transverse seetion of the 
body tmnk at the level of the kidneys would show 
kidney structure in eross seetion very nieely; a 
frontal seetion of the body tmnk would show a 
different view of kidney anatomy; and a midsagit- 
tal seetion would miss the kidneys eompletely. 
Information on body organ positioning that ean 
be gained by taking magnetie resonanee imaging 
(MRI) seans along different body planes is illus- 
trated in Figure 1.6. (MRI seans are deseribed 
further in “A Closer Look” on pp. 10-11). 
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Which seetion type woulc/ separate the two eyes? 



(a) Median (midsagittal) 



(b) Frontal (eoronal) plane 



(e) Transverse plane 


Vertebral 

column 



Rectum Intestines 


Right Left 

lung Heart lung 



Liver Stomaeh Spleen 


Spinal 

Liver Aorta eord Spleen 



Subcutaneous Stomaeh 
fat layer 


Figure 1.6 The anatomieal position and planes of the body—median, frontal, 
and transverse with eorresponding MRI seans. 


Body Cavities 

Anatomy and physiology textbooks typieally de- 
seribe two sets of internal body eavities, ealled 
the dorsal and ventral body eavities, that provide 
different degrees of proteetion to the organs within 
them (Figure 1-7). Because these eavities differ in 


their mode of embryologieal development and in 
their lining membranes, many anatomy referenee 
books do not identify the dorsal, or neural, body 
eavity as an internal body eavity. However, the idea 
of two major sets of internal body eavities is a useful 
learning eoneept, so we will continue to use it here. 
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Dental Hygienist 


Dental hygienists need thoroiigh 
training in human anatomy and 
physiology to properly eare for their 
patients. 

Feel a bit nervous when getting your 
teeth eleaned? Many people do. 
Maybe you’ll feel better after you 
hear how well trained your dental 
hygienist is. 

Dental hygienists are lieensed 
oral health professionals who 
provide educational, elinieal, and 
therapeutic serviees to the public. 
Take Robin Mendiea, a hygienist 
for 15 years, who holds an 
assoeiate’s degree in dental 
hygiene. Mendiea’s course work 
included training in whole-body 
anatomy and physiology, plus 
speeialized elasses focusing on 
head and neek anatomy. “We 
learned every nerve and blood 
vessel above the shoulders,” she 
reealls. “This is important because 
dental hygienists ean give 
injeetions of anesthetie for deep 
eleaning and root eleaning 
procedures. You have to know 
where the nerves are to minimize 
pain and avoid injuries that could 
lead to faeial paralysis.” 

When patients eome into the 
offiee, Mendiea conducts a 
preliminary examination: “I look at 
their dental X-ray films and their 
eharts to remind myself of any 
problems or eoneerns they may 
have. Then I examine the mouth 
and eheek their teeth, tongue, 
crowns, and fillings for signs of 
tooth deeay.” Then Mendiea 
polishes patients’ teeth, removing 
stains, tartar, and plaque (a soft, 
stieky deposit of baeteria that leads 
to periodontal problems) in 


preparation for the dentist’s 
examination. 

Mendiea plays an important role 
in alerting the dentist to symptoms 
of dental problems and other health 
eonditions. “Llntreated dental 
eonditions ean lead to trouble in 
other parts of the body; l’ve seen 
tooth abseesses spread into the 
sinuses and cause bad infeetions. 
People who have lost a lot of teeth 
ean’t chew food properly, and that 
ean cause digestive problems. In 
sehool we also learned to reeognize 
nodules, precancerous eonditions, 
and oral eaneer.” 

What does Mendiea enjoy most 
about her work? “I love dealing 
with people. Every patient is 
different, and I love teaehing them 
about good oral hygiene and 
motivating them to take eare of 
their teeth.” She tells of many 
patients she has helped, such as 
the man who tried to “glue” a 
rotten molar baek in his mouth with 
bubble gum, or the hapless woman 
who attempted to brighten stained 
bridge work with white nail polish. 

“I eonsider patient education an 
important part of my job, because 
l’m a big advoeate of regular dental 
exams. Getting your teeth eleaned 
every six months is an investment 
in your lifelong health.” 

Dental hygiene education 
generally lasts two to four years 
beyond high sehool (or equivalent). 
Two-year programs offer a diploma, 
eertifieate, or assoeiate’s degree; 
four-year programs offer a 
baehelor’s degree. Master’s degrees 
are available for students interested 
in education, researeh, or 
administration. 



We learned every 
nerve and blood 
vessel above the 
shoulders. 

An aeeredited dental hygiene 
program requires supervised elinieal 
instmetion and courses in anatomy, 
physiology, ehemistry, and 
mierobiology. Dental hygienists 
must be lieensed by the state in 
which they praetiee. State 
lieensing requirements vary but 
usually include successful 
eompletion of a regional or state 
elinieal board examination. 

To learn more, eontaet the 
Ameriean Dental Hygienists 
Assoeiation (ADHA) at 

444 N. Miehigan Avenue 
Suite 3400, Chicago, IL 60611 
(312) 440-8900 
http://www.adha.org 

For additional information on this eareer, 
eliek the Focus on Oareers link at 

www.anatomyandphysiology.com. 
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Cranial 

eavity 


Spinal 

eavity 



Thoraeie 

eavity 


Diaphragm 


Abdominal 

eavity 


Pelvie 

eavity 




KEY: 

| Dorsal body eavity H Ventral body eavity 

Figure 1 -7 Body eavities. Notiee the angular 
relationship between the abdominal and pelvie eavities. 


Dorsal Body Oavity 

The dorsal body eavity has two subdivisions, which 
are continuous with eaeh other. The eranial eavity 
is the spaee inside the bony skull. The brain is well 
proteeted because it occupies the eranial eavity. The 
spinal eavity extends from the eranial eavity nearly 
to the end of the veitebral column. The spinal eord, 
which is a continuation of the brain, is proteeted by 
the vertebrae, which surround the spinal eavity. 

Ventral Body Oavity 

The ventral body eavity is much larger than the 
dorsal eavity. It eontains all the stmctures within the 
ehest and abdomen, that is, the viseeral organs in 
those regions. Like the dorsal eavity, the ventral body 
eavity is subdivided. The superior thoraeie eavity is 
separated from the rest of the ventral eavity by a 
dome-shaped muscle, the diaphragm (di' ah-fram). 





Right upper 

quadrant 

(RUQ) 


Right lower 

quadrant 

(RLQ) 



Left upper 

quadrant 

(LUQ) 


Left lower 

quadrant 

(LLQ) 


Figure 1.8 The four abdominopelvie quadrants. 

In this seheme, the abdominopelvie eavity is divided 
into four quadrants by two planes. 


The organs in the thoraeie eavity (lungs, heart, and 
others) are somewhat proteeted by the rib eage. A 
eentral region ealled the mediastinum (me"de-as- 
ti'num) separates the lungs into right and left eavi- 
ties in the thoraeie eavity. The mediastinum itself 
houses the heart, traehea, and other viseeral organs. 

The eavity inferior to the diaphragm is the 
abdominopelvie (ab-dom"í-no-pel'vik) eavity. 
Some prefer to subdivide it into a superior 
abdominal eavity, eontaining the stomaeh, liver, 
intestines, and other organs, and an inferior pelvie 
eavity, with the reproductive organs, bladder, and 
rectum. However, there is no actual physieal stme- 
ture dividing the abdominopelvie eavity. If you 
look carefully at Figure 1.7, you will see that the 
pelvie eavity is not continuous with the abdominal 
eavity in a straight plane, but that it tips away from 
the abdominal eavity in the posterior direetion. 

HOMEOSTATIC IMBALANOE 

When the body is subjected to physieal 
trauma (as often happens in an automobile aeeident, 
for example), the most vulnerable abdominopelvie 
organs are those within the abdominal eavity. The 
reason is that the abdominal eavity walls are formed 
only of tmnk muscles and are not reinforeed by 
bone. The pelvie organs reeeive a somewhat greater 
degree of proteetion from the bony pelvis in which 
they reside. ) 
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Liver 


Gallbladder 


Aseending 
eolon of large 
intestine 


Small intestine 

Cecum 
Appendix 



Diaphragm 

Stomaeh 

Transverse 
eolon of large 
intestine 

Deseending 
eolon of large 
intestine 

Initial part of 
sigmoid eolon 
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(a) Nine regions delineated by four planes 


(b) Anterior view of the nine regions 
showing the superficial organs 


Figure 1 -9 The nine abdominopelvie regions. In (a) the superior transverse plane 
is just superior to the ribs; the inferior transverse plane is just superior to the hip bones; 
and the parasaggital planes lie just medial to the nipples. 


Because the abdominopelvie eavity is quite 
large and eontains many organs, it helps to 
divide it up into smaller areas for study. A 
seheme eommonly used by medieal personnel 
divides the abdominopelvie eavity into four 
more or less equal regions ealled quadrants. The 
quadrants are then simply named aeeording to 
their relative positions—that is, right upper 
quadrant (RUQ), right lower quadrant (RLQ), left 
upper quadrant (LUQ), and left lower quadrant 
(LLQ) (Figure 1.8). 

Another system, used mainly by anatomists, 
divides the abdominopelvie eavity into nine 
separate regions by four planes, as shown in 
Figure 1-9a. Although the names of the nine 
regions are unfamiliar to you now, with a little 
patienee and study they will beeome easier to 
remember. As you loeate these regions in the fig- 
ure, notiee the organs they eontain by referring to 
Figure 1.9b. 

• The iimbilieal region is the eentermost region, 
deep to and surrounding the umbilicus (navel). 

• The epigastrie (ep " i-gas' trik) region is loeated 
superior to the umbilical region (epi = upon, 
above; gastrie = stomaeh). 


• The hypogastrie (pubic) region is inferior to 
the umbilical region (hypo = below). 

• The right and left iliae, or inguinal, regions 

are lateral to the hypogastrie region (iliae = supe- 
rior part of the hip bone). 

• The right and left lumbar regions lie lateral 
to the umbilical region (lumhus = loin). 

• The right and left hypoehondriae (hi"po- 
kon'dre-ak) regions flank the epigastrie region 
and eontain the lower ribs (ehondro — 
eartilage). 

Other Body Oavities 

In addition to the large elosed body eavities, there 
are several smaller body eavities. Most of these are 
in the head and open to the body exterior. With 
the exception of the middle ear eavities, the body 
regions that house these eavities are all shown 
in Figure 1.5. 

• Oral and digestive eavities. The oral eavity, 
eommonly ealled the mouth, eontains the teeth 
and tongue. This eavity is part of and continuous 
with the eavity of the digestive organs, which 
opens to the exterior at the anus. 
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• Nasal eavity. Loeated within and posterior to 
the nose, the nasal eavity is part of the respira- 
tory system passageways. 

• Orbital eavities. The orbital eavities (orbits) in 
the skull house the eyes and present them in 
an anterior position. 

• Middle ear eavities. The middle ear eavities 
earved into the skull lie just medial to the 
eardmms. These eavities eontain tiny bones 
that transmit sound vibrations to the hearing re- 
eeptors in the inner ears. 


DID YOU GET IT 



11. If you wanted to separate the thoraeie eavity from the 
abdominal eavity of a eadaver, which type of seetion 
would you make? 

12 . Of the spinal eord, small intestine, uterus, and heart, 
which are in the dorsal body eavity? 

13. Joe went to the emergeney room where he 
eomplained of severe pains in the lower right quadrant 
of his abdomen. What might be his problem? 

For answers, see Appendix D. 


Siimmary 

Aeeess more review material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, 10th 
edition. In addition, referenees to interaetive Physiology 
are included below. 

iP = interaetive Physiology 

An Overview of Anatomy and Physiology (pp. 1-2) 

1. Anatomy is the study of structure. Observation is 
used to see the sizes and relationships of body parts. 

2. Physiology is the study of how a structure (which 
may be a eell, an organ, or an organ system) func- 
tions or works. 

3. Structure determines what functions ean occur; 
therefore, if the structure ehanges, the function 
must also ehange. 

Levels of Structural Organization (pp. 2-7) 

1. There are six levels of structural organization. Atoms 
(at the ehemieal level) eombine, forming the unit of 
life, the eell. Cells are grouped into tissues, which in 
turn are arranged in speeifie ways to form organs. A 
number of organs form an organ system that per- 
forms a speeifie function for the body (which no 
other organ system ean do). Together, all of the or- 
gan systems form the organism, or living body. 

2. For a deseription of organ systems naming the ma- 
jor organs and functions, see pp. 3-7. 

Maintaining Life (pp. 7-12) 

1. To sustain life, an organism must be able to main- 
tain its boundaries, move, respond to stimuli, digest 


nutrients and excrete wastes, earry on metabolism, 
reproduce itself, and grow. 

2. Survival needs include food, oxygen, water, appropri- 
ate temperature, and normal atmospherie pressiire. 
Extremes of any of these faetors ean be harmful. 

Homeostasis (pp. 12-14) 

1. Body functions interaet to maintain homeostasis, or 
a relatively stable internal environment within the 
body. Homeostasis is neeessary for survival and 
good health; its loss results in illness or disease. 

2. All homeostatie eontrol meehanisms have three 
eomponents: (1) a reeeptor that responds to envi- 
ronmental ehanges, (2) a eontrol eenter that as- 
sesses those ehanges and produces a response by 
aetivating (3) the effeetor. 

3. Most homeostatie eontrol systems are negative 
feedbaek systems, which aet to reduce or stop the 
initial stimulus. 

The Language of Anatomy (pp. 14-22) 

1. Anatomieal terminology is relative and assumes 
that the body is in the anatomieal position (ereet, 
palms faeing forward). 

2. Direetional terms 

a. Superior (eranial, eephalad): above something 
else, toward the head. 

b. Inferior (caudal): below something else, toward 
the tail. 

e. Ventral (anterior): toward the front of the body 
or structure. 

d. Dorsal (posterior): toward the rear or baek of 
the body or structure. 
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e. Medial: toward the midline of the body. 

f. Lateral: away from the midline of the body. 

g. Proximal: eloser to the point of attaehment. 

h. Distal: farther from the point of attaehment. 

i. Superficial (external): at or elose to the body 
surface. 

j. Deep (internal): below or away from the body 
surface. 

3. Regional terms. Visible landmarks on the body sur- 
faee may be used to speeifieally refer to a body 
part or area. See pp. 14-17 for terms referring to 
anterior and posterior surface anatomy. 

4. Body planes and seetions 

a. Sagittal seetion: separates the body longitudi- 
nally into right and left parts. 

b. Frontal (eoronal) seetion: separates the body on a 
longitudinal plane into anterior and posterior parts. 

e. Transverse (eross) seetion: separates the body on 
a horizontal plane into superior and inferior parts. 

3. Body eavities 

a. Dorsal: well proteeted by bone; has two subdivi- 
sions. 

(1) Cranial: eontains the brain. 

(2) Spinal: eontains the spinal eord. 

b. Ventral: less proteeted than dorsal eavity; has 
two subdivisions. 

(1) Thoraeie: The superior eavity that extends in- 
feriorly to the diaphragm; eontains heart and 
lungs, which are proteeted by the rib eage. 

(2) Abdominopelvie: The eavity inferior to the 
diaphragm that eontains the digestive, uri- 
nary, and reproductive organs. The abdom- 
inal portion is vulnerable because it is 
proteeted only by the tmnk muscles. The 
pelvie portion is proteeted somewhat by 
the bony pelvis. The abdominopelvie eavity 
is often divided into four quadrants or nine 
regions (see Figures 1.8 and 1.9). 

e. Smaller open body eavities include the oral, 
nasal, orbital, and middle ear eavities. 

Review Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. Consider the following levels: (1) ehemieal; (2) tissue; 

(3) organ; (4) cellular; (5) organismal; (6) systemie. 
Which of the following ehoiees has the levels listed 
in order of inereasing complexity? 


a. 1, 2, 3, 4, 3, 6 d. 1, 4, 2, 3, 6, 5 

b. 1, 4, 2, 5, 3, 6 e. 4, 1, 3, 2, 6, 5 

e. 3, 1, 2, 4, 6, 5 

2. Which of the following is (are) involved in main- 
taining homeostasis? 

a. Effeetor d. Feedbaek 

b. Control eenter e. Laek of ehange 

e. Reeeptor 

3. Which is not essential to survival? 

a. Water d. Atmospherie pressure 

b. Oxygen e. Nutrients 

e. Gravity 

4. LJsing the terms listed below, fill in the blank with 
the proper term. 

anterior superior medial proximal superficial 

posterior inferior lateral distal deep 

The heart is loeated_to the diaphragm. 

The muscles are_to the skin. 

The shoulder is_to the elbow. 

In anatomieal position, the thumb is_ 

to the index finger. 

The vertebral region is_to the scapu- 

lar region. 

The gluteal region is loeated on the_ 

surface of the body. 

5. Mateh the proper anatomieal term (column B) with 
the eommon name (column A) for the body re- 
gions listed below. 


Column A 

Column B 

1. buttocks 

2L. 

inguinal 

2. baek 

b. 

frontal 

3. shoulder blade 

e. 

dorsal 

4. front of elbow 

d. 

lumbar 

3. toes 

e. 

ghiteal 

6. sroin 

f. 

antecubial 

7. forehead 

g. plantar 

8. lower baek 

h. 

digital 

9. sole of foot 

• 

ì. 

scapular 


6. Anatomieal terms that apply to the baekside of the 
body in the anatomieal position include 

a. ventral and anterior. 

b. baek and rear. 

e. posterior and dorsal. 
d. head and lateral. 
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7. A neurosurgeon orders a spinal tap for a patient. 
Into what body eavity will the needle be inserted? 

a. Ventral d. Cranial 

b. Thoraeie e. Pelvie 

c. Dorsal 

8. Which of the following groupings of the ab- 
dominopelvie regions is medial? 

a. Hypoehondriae, hypogastrie, umbilical 

b. Hypoehondriae, lumbar, inguinal 

c. Hypogastrie, umbilical, epigastrie 

d. Lumbar, umbilical, iliae 

e. Iliae, umbilical, hypoehondriae 

Short Ansvver Essay 

9. Define anatomy and physiology. 

10. List the 11 organ systems of the body, briefly 
deseribe the function of eaeh, and then name two 
organs in eaeh system. 

11. Explain the meaning of homeostasis as applied to 
the living organism. 

12. What is the consequence of loss of homeostasis, or 
homeostatie imbalanee? 

13- Many body structures are symmetrieal. Are the 
kidneys symmetrieal? What about the stomaeh? 

14. On what body surface is eaeh of the following 
loeated: nose, ealf of leg, ears, umbilicus, fingernails? 

13. Which of the following organ systems—digestive, 
respiratory, reproductive, circulatory, urinary, or 
muscular—are found in both subdivisions of the 
ventral body eavity? Which are found in the thoraeie 
eavity only? In the abdominopelvie eavity only? 


(ritieal Thinking and 
(linieal Applieation 
Questions 

16. A nurse informed John that she was about to take 
blood from his antecubital region. What part of his 
body was she referring to? Later, she eame baek and 
said that she was going to give him an antibiotie shot 
in the deltoid region. Did he take off his shirt or drop 
his pants to get the shot? Before John left the offiee, 
the nurse notieed that his left sural region was badly 
bmised. What part of his body was blaek and blue? 

17. How is the eoneept of homeostasis (or its loss) re- 
lated to disease and aging? Provide examples to 
support your reasoning. 

18. Jennie Dip fell off her motoreyele and tore a nerve 
in her axillary region. She also tore ligaments in her 
eervieal and scapular regions and broke the only 
bone of her right braehial region. Explain where 
eaeh of her injuries is loeated. 

19. Mr. Petros is behaving abnormally, and doetors 
strongly suspect he has a brain tumor. Which med- 
ieal imaging deviee—eonventional X ray, DSA, PET, 
ultrasound, or MRT—would be best for preeisely lo- 
eating a tumor within the brain? Explain your ehoiee. 

20. Parathyroid hormone (PTH) is seereted in response 
to a drop in calcium levels in the blood. The seere- 
tion of PTH is regulated by a negative feedbaek 
meehanism. What ean you expect to happen to eal- 
cium blood levels as inereased amounts of PTH are 
seereted, and why? 












FHNlTION prei/ieia/ 

I The body is eomposed of ehemieals that underlie and provide for all bodily functions. 


/l/lani/ short courses in anatomy and physiology 

laek the time to eonsider ehemistry as a topie. So 
why inehide it here? The answer is simple. The 
food you eat and the medieines you take when 
you are ill are eomposed of ehemieals. Indeed, 
your entire body is made up of ehemieals— 
thousands of them—continuously interaeting with 
one another at an ineredible paee. 

It is possible to study anatomy without much 
referenee to ehemistiy, but ehemieal reaetions un- 
derlie all body proeesses—movement, digestion, 
the pumping of your heart, and even your 
thoughts. In this ehapter we present the basies of 
ehemistry and bioehemistry (the ehemistry of liv- 
ing material), providing the background you will 
need to understand body functions. 


Concepts of Matter 
and Energy 

Differentiate matter from energy. 

List four major energy forms, and provide one 
example of how eaeh energy form is used in the body. 

Matter 

Matter is the a stuff” of the universe. With some 
exceptions, it ean be seen, smelled, and felt. More 
preeisely, matter is anything that occupies spaee 
and has mass (weight). ehemistry studies the na- 
ture of matter—how its building bloeks are put to- 
gether and how they interaet. 
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Matter exists in solid, liquid, and gaseous states. 
Examples of eaeh state are found in the human 
body. Solids, such as bones and teeth, have a defi- 
nite shape and volume. Liquids have a definite 
volume, but they eonform to the shape of their eon- 
tainer. Examples of body liquids are blood plasma 
and the interstitial fluid that bathes all body eells. 
Gases have neither a definite shape nor a definite 
volume. The air we breathe is a mixture of gases. 

Matter may be ehanged both physieally and 
ehemieally. Physieal ehanges do not alter the basie 
nature of a substance. Examples include ehanges in 
state, such as iee melting to beeome water and food 
being cut into smaller pieees. ehemieal ehanges do 
alter the eomposition of the substance—often sub- 
stantially. Fermenting grapes to make wine and the 
digestion of food in the body are examples of 
ehemieal ehanges. 

Energy 

In eontrast to matter, energy has no mass and 
does not take up spaee. It ean be measured only 
by its effeets on matter. We eommonly define en- 
ergy as the ability to do work or to put matter into 
motion. When energy is actually doing work 
(moving objeets), we refer to it as kinetie (ki- 
neh'tik) energy. Kinetie energy is displayed in the 
eonstant movement of the tiniest partieles of mat- 
ter (atoms) as well as in larger objeets, such as a 
bouncing ball. When energy is inaetive or stored 
(as in the batteries of an unused toy), we eall it 
potential energy. All forms of energy exhibit 
both kinetie and potential work eapaeities. 

Actually, energy is a physies topie, but it is dif- 
ficult to separate matter and energy. All living 
things are built of matter, and to grow and func- 
tion they require a continuous supply of energy. 
Thus, matter is the substance, and energy is the 
mover of the substance. Because this is so, let’s 
take a brief detour to introduce the forms of en- 
ergy the body uses as it does its work. 

Forms of Energy 

• ehemieal energy is stored in the bonds of 
ehemieal substances. When the bonds are bro- 
ken, the (potential) stored energy is unleashed 
and beeomes kinetie energy (energy in aetion). 
For example, when gasoline molecules are 
broken apart in your automobile engine, the 
energy released powers your ear. In like 


manner, the ehemieal energy harvested from 
the foods we eat “mns” all body aetivities. 

• Eleetrieal energy results from the movement 
of eharged partieles. In your house, eleetrieal 
energy is the flow of eleetrons along the 
wiring. In your body, an eleetrieal current is 
generated when eharged partieles (ealled ions) 
move aeross eell membranes. The nervous sys- 
tem uses eleetrieal currents ealled nerve im- 
pnlses to transmit messages from one part of 
the body to another. 

• Meehanieal energy is energy direetly in- 
volved in moving matter. When you ride a bi- 
eyele, your legs provide the meehanieal energy 
that moves the pedals. We ean take this exam- 
ple one step further baek: As the muscles in 
your legs shorten, they pull on your bones, 
causing your limbs to move (so that you ean 
pedal the bike). 

• Radiant energy travels in waves; that is, it is 
the energy of the eleetromagnetie speetmm, 
which includes X rays, infrared radiation (heat 
energy), visible light, radio, and ultraviolet 
waves. Light energy, which stimulates the retinas 
of your eyes, is important in vision. Ultraviolet 
waves cause sunburn, but they also stimulate our 
bodies to make vitamin D. 

Energy Form Oonversions 

With a few exceptions, energy is easily eonverted 
from one form to another. For example, ehemieal 
energy (from gasoline) that powers the motor of 
a speedboat is eonverted into the meehanieal 
energy of the whirling propeller that allows the 
boat to skim aeross the water. In the body, ehem- 
ieal energy of foods is trapped in the bonds of a 
high-energy ehemieal ealled ATP (adenosine 
triphosphate), and ATP’s energy may ultimately 
be transformed into the eleetrieal energy of a 
nerve impulse or meehanieal energy of shorten- 
ing muscles. 

Energy eonversions are quite ineffieient, and 
some of the initial energy supply is always “lost” to 
the environment as heat (thermal energy). It is not 
really lost, because energy eannot be ereated or 
destroyed, but the part given off as heat is 
unusable. You ean easily demonstrate this prinei- 
ple by touching a lightbulb that has been lit for an 
hour or so. Notiee that some of the eleetrieal en- 
ergy reaehing the bulb is producing heat instead of 
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light. Likewise, all energy eonversions in the body 
liberate heat. This heat makes us warm-blooded 
animals and contributes to our relatively high body 
temperature, which has an important influence on 
body functioning. For example, when matter is 
heated, its partieles begin to move more quickly; 
that is, their kinetie energy (energy of motion) in- 
ereases. This is important to the ehemieal reaetions 
that occur in the body because, up to a point, the 
higher the temperature, the faster those reaetions 
occur. We will learn more about this later. 


DID YOU GET IT 



Eaeh element is eomposed of more or less 
identieal partieles or building bloeks ealled atoms. 
Because all elements are unique, the atoms of 
eaeh element differ from those of all other ele- 
ments. We designate eaeh element by a one- or 
two-letter ehemieal shorthand ealled an atomie 
symbol. In most eases, the atomie symbol is sim- 
ply the first (or first two) letter(s) of the element’s 
name. For example, C stands for earbon, O for 
oxygen, and Ca for calcium. In a few eases, the 
atomie symbol is taken from the Latin name for 
the element. For instanee, sodium is indieated by 
Na (from the Latin word natrium). 


1. Matter and energy—how are they interrelated? 

2 . VVhat form of energy is used to transmit messages 
from one part of the body to another? 

3. VVhat type of energy is available when we are still? 
VVhen we are exercising? 

4. VVhat does it mean when we say that some energy is 
“lost” every time energy ehanges from one form to 
another in the body? 

For answers, see Appendix D. 

Composition of Matter 

Elements and Atoms 

Define ehemieal element, and list the four elements 
that form the bulk of body matter. 

Explain how elements and atoms are related. 

All matter is eomposed of a limited number of sub- 
stanees ealled elements, unique substances that 
eannot be broken down into simpler substances by 
ordinary ehemieal methods. Examples of elements 
include many eommonly known substances, such 
as oxygen, earbon, gold, eopper, and iron. 

So far, 112 elements are known with eertainty, 
and numbers 113 through 118 are alleged. Ninety- 
two of these occur in nature; the rest are produced 
artifieially in aeeelerator deviees. Four elements— 
earbon, oxygen, hydrogen, and nitrogen—make 
up about 96 pereent of body weight. Besides these 
four elements, several others are present in small 
or traee amounts. A eomplete listing of the ele- 
ments appears in the periodie table, an odd- 
shaped eheekerboard that appears in Appendix B 
and in ehemistry elassrooms the world over. The 
most abundant elements found in the body and 
their major roles are listed in Table 2.1. 


Atomie Structure 

List the subatomic partieles, and deseribe their relative 

masses, eharges, and positions in the atom. 

The Basie Atomie Subparticles 

The word atom eomes from the Greek word 
meaning “ineapable of being divided,” and histori- 
eally this idea of an atom was aeeepted as a seien- 
tifie truth. Aeeording to this notion, you could 
theoretieally divide a pure element, such as a 
bloek of gold, into smaller and smaller partieles 
until you got down to the individual atoms, and 
then could subdivide no fmther. We now know 
that atoms, although indeseribably small, are clus- 
ters of even smaller (subatomic) partieles and that, 
under very speeial circumstances, atoms ean be 
split into these smaller partieles. Even so, the old 
idea of atomie indivisibility is still very appropriate, 
because an atom loses the unique properties of its 
element when it is split into its subparticles. 

The atoms representing the 112-plus elements 
are eomposed of different numbers and propor- 
tions of three basie subatomic partieles, which dif- 
fer in their mass, eleetrieal eharge, and loeation 
within the atom (Table 2.2). Protons (p + ) have a 
positive eharge, whereas neutrons (n°) are un- 
eharged, or neutral. Protons and neutrons are heavy 
partieles and have approximately the same mass 
(1 atomie mass unit, or 1 amu). The tiny eleetrons 
(e“) bear a negative eharge equal in strength to the 
positive eharge of the protons, but their mass is so 
small that it is usually designated as 0 amu. 

The eleetrieal eharge of a partiele is a measure 
of its ability to attraet or repel other eharged parti- 
eles. Partieles with the same type of eharge 
(+ to + or — to —) repel eaeh other, but partieles 
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Table 2.1 

Gommon Elements Making Up the Human Body 


Atomie 

Pereentage 


Element 

symbol 

of body mass 

Role 

Major (96.1%) 

Oxygen 

0 

65.0 

A major eomponent of both organie and inorganie 
molecules; as a gas, essential to the oxidation of glucose 
and other food fuels, during which cellular energy (ATP) 
is produced. 

Carbon 

e 

18.5 

The primary element in all organie molecules, including 
earbohydrates, lipids, proteins, and nucleic aeids. 

Hydrogen 

H 

9.5 

A eomponent of most organie molecules; as an ion (a 
eharged atom), it influences the pH of body fluids. 

Nitrogen 

N 

3.2 

A eomponent of proteins and nucleic aeids (genetie material). 

Lesser (3.9%) 

Calcium 

Ca 

1.5 

Found as a salt in bones and teeth; in ionie form, required for 
muscle eontraetion, neural transmission, and blood elotting. 

Phosphoms 

P 

1.0 

Present as a salt, in eombination with calcium, in bones 
and teeth; also present in nucleic aeids and many 
proteins; forms part of the high-energy compound ATP. 

Potassium 

K 

0.4 

In its ionie form, the major intracellular eation; neeessary for 
the conduction of nerve impulses and for muscle eontraetion. 

Sulfur 

s 

0.3 

A eomponent of proteins (particularly eontraetile proteins 
of muscle). 

Sodium 

Na 

0.2 

As an ion, the major extracellular eation; important for 
water balanee, conduction of nerve impulses, and muscle 
eontraetion. 

Chlorine 

Cl 

0.2 

In ionie (ehloride) form, the most abundant extracellular anion. 

Magnesium 

Mg 

0.1 

Present in bone; also an important eofaetor for enzyme 
aetivity in a number of metabolie reaetions. 

lodine 

1 

0.1 

Needed to make functional thyroid hormones. 

Iron 

Fe 

0.1 

A eomponent of the functional hemoglobin molecule (which 
transports oxygen within red blood eells) and some 
enzymes. 


Traee (less than 0.01 %)* 

Chromium (Cr), Cobalt (Co), Copper (Cu), Fluorine (F), Manganese (Mn), Molybdenum (Mo), Selenium (Se), Silieon 
(Si), Tin (Sn), Vanadium (V), Zine (Zn) 


*Referred to as the traee elements because they are required in very minute amounts; many are found as part of enzymes or are required for 
enzyme aetivation. 
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Table 2.2 

Subatomic Partieles 



Partiele 

Position in atom 

Mass (amu) 

Charge 

Proton (p+) 

Nucleus 

1 

+ 

Neutron (n°) 

Nucleus 

1 

0 

Eleetron (e~) 

Orbitals outside the nucleus 

1/1800 

— 


with unlike eharges (+ to —) attraet eaeh other. 
Neutral partieles are neither attraeted to nor re- 
pelled by eharged partieles. 

Because all atoms are eleetrieally neutral, the 
number of protons an atom has must be preeisely 
balaneed by its number of eleetrons (the + and — 
eharges will then eaneel the effeet of eaeh other). 
Thus, hydrogen has one proton and one eleetron, 
and iron has 26 protons and 26 eleetrons. For any 
atom, the number of protons and eleetrons is al- 
ways equal. Atoms that have gained or lost elee- 
trons are ealled ions, as we discuss shortly. 

Planetary and Orbital Models of an Atom 

The planetary model of an atom portrays the atom 
as a miniature solar system (Figure 2.1a) in which 
the protons and neutrons are clustered at the eenter 
of the atom in the atomie nucleus. Because the 
nucleus eontains all the heavy partieles, it is fantasti- 
eally dense and positively eharged. The tiny elee- 
trons orbit around the nucleus in fixed, generally 
circular orbits, like planets around the sun. But we 
ean never determine the exact loeation of eleetrons 
at a particular time because they jump around fol- 
lowing unknown paths. So, instead of speaking of 
speeifie orbits, ehemists talk about orbitals —regions 
around the nucleus in which a given eleetron or 
eleetron pair is likely to be found most of the time. 
This more modern model of atomie structure, ealled 
the orbital model, has proved to be more useful in 
predieting the ehemieal behavior of atoms. As illus- 
trated in Figure 2.1b, the orbital model depiets the 
general loeation of eleetrons outside the nucleus as 
a haze of negative eharge referred to as the eleetron 
elond. Regions where eleetrons are most likely to be 
found are shown by denser shading rather than by 
orbit lines. 

Regardless of which model is used, notiee that 
the eleetrons have the mn of nearly the entire 



Helium atom 

2 protons (p + ) 

2 neutrons (n°) 

2 eleetrons (e _ ) 

(a) Planetary model 


Nucleus 

■ 



Helium atom 

2 protons (p + ) 

2 neutrons (n°) 
2 eleetrons (e _ ) 

(b) Orbital model 


KEY: 



Proton 

Neutron 


9 = Eleetron 
= Eleetron cloud 


Figure 2.1 The structure of an atom. 

The dense eentral nucleus eontains the protons and 
neutrons. (a) ln the planetary model of an atom, the 
eleetrons move around the nucleus in fixed orbits. 
(b) ln the orbital model, eleetrons are shown as a 
cloud of negative eharge. 


volume of the atom and determine its ehemieal 
behavior (that is, its ability to bond with other 
atoms). Though now eonsidered outdated, the 
planetaiy model is simple and easy to understand 
and use. Most of the deseriptions of atomie struc- 
ture in this book use that model. 

Hydrogen is the simplest atom, with just one 
proton and one eleetron. You ean visualize the hy- 
drogen atom by imagining it as a sphere with its 
diameter equal to the length of a football field. 
The nucleus could then be represented by a lead 
ball the size of a gumdrop in the exact eenter of 
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KEY: 



= Proton 



= Neutron 


d = Eleetron 




(a) Hydrogen (H) 

(1p + ; 0n°; 1e _ ) 


(b) Helium (He) 

(2p+; 2n°; 2e") 


Figure 2.2 Atomie structure of the three smallest atoms. 



(e) Lithium (Li) 

(3p+; 4n°; 3e") 


the sphere and the lone eleetron pictured as a fly 
buzzing about unpredictably within the sphere. 
This mental picture should remind you that most 
of the volume of an atom is empty spaee, and 
most of the mass is in the eentral nucleus. 

DID YOU GET IT 

5. Which four elements make up the bulk of living 
matter? 

6 . How is an atom related to an element? 

For answers, see Appendix D. 

Identifying Elements 

Define radioisotope, and deseribe briefly how 
radioisotopes are used in the diagnosis and treatment 
of disease. 

All protons are alike, regardless of the atom being 
eonsidered. The same is tme of all neutrons and 
all eleetrons. So what determines the unique prop- 
erties of eaeh element? The answer is that atoms of 
different elements are eomposed of different 
nmnbers of protons, neutrons, and eleetrons. 

The simplest and smallest atom, hydrogen, has 
one proton, one eleetron, and no neutrons (Figure 
2.2). Next is the helirnn atom, with two protons, 
two neutrons, and two orbiting eleetrons. Lithium 
follows with three protons, four neutrons, and three 
eleetrons. If we continue this step-by-step listing of 
subatomic partieles, we could deseribe all known 
atoms by adding one proton and one eleetron at 
eaeh step. The number of neutrons is not as easy to 
pin down, but light atoms tend to have equal num- 
bers of protons and neutrons, whereas in larger 
atoms neutrons outnumber protons. However, all 
we really need to know to identify a particular 


element is its atomie number, mass number, and 
atomie weight. Taken together, these indieators pro- 
vide a fairly eomplete picture of eaeh element. 

Atomie Number 

Eaeh element is given a number, ealled its atomie 
number, that is equal to the number of protons its 
atoms eontain. Atoms of eaeh element eontain a 
different number of protons than the atoms of any 
other element; henee, its atomie number is 
unique. Because the number of protons is always 
equal to the number of eleetrons, the atomie num- 
ber indireetly also tells us the number of eleetrons 
that atom eontains. 

Atomie Mass 

The atomie mass of any atom is the sum of the 
masses of all the protons and neutrons eontained 
in its nucleus. (The mass of the eleetrons is so 
small that we ignore it.) Hydrogen has one bare 
proton and no neutrons in its nucleus; so its 
atomie number and atomie mass number are the 
same (1). Helium, with 2 protons and 2 neutrons, 
has a mass number of 4. The atomie mass number 
is written as a superscript to the left of the atomie 
symbol (see the examples in Figure 2.3). 

Atomie Weight and Isotopes 

At first glanee, it seems that the atomie weight of 
an atom should be equal to its atomie mass. This 
would be so if there were only one type of atom 
representing eaeh element. However, the atoms of 
almost all elements exhibit two or more structural 
variations; these varieties are ealled isotopes (i'so- 
tóps). Isotopes have the same number of protons 
and eleetrons but vary in the number of nentrons 
they eontain. Thus, the isotopes of an element 
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Which of these isotopes is the heaviest? 


KEY: 



Proton 



Neutron 


= Eleetron 




Hydrogen (^H) 
(1p + ; 0n°; 1e - ) 


Deuterium ( 2 H) 
(1p + ; 1n°; 1e - ) 


Figure 2.3 Isotopes of hydrogen differ in their numbers of neutrons. 



Tritium ( 3 H) 
(1p + ; 2n°; 1e _ ) 


have the same atomie number but have different 
atomie masses. Because all of an element’s iso- 
topes have the same number of eleetrons (and 
eleetrons determine bonding properties), their 
ehemieal properties are exactly the same. As a 
general rule, the atomie weight of any element is 
approximately equal to the mass number of its 
most abundant isotope. For example, as we said 
before, hydrogen has an atomie number of 1, but 
it also has isotopes with atomie masses of 1, 2, and 3 

(see Figure 2.3). Its atomie weight is 1.0079, which 

reveals that its lightest isotope is present in much 
greater amounts in our world than its 2 H or 3 H 
forms. The atomie numbers, mass numbers, and 
atomie weights for elements eommonly found in 
the body are provided in Table 2.3. 

The heavier isotopes of eertain atoms are un- 
stable and tend to deeompose to beeome more 
stable; such isotopes are ealled radioisotopes. 
The why of this proeess is very complex, but ap- 
parently the “glue” that holds the atomie nuclei to- 
gether is weaker in the heavier isotopes. This 
proeess of spontaneous atomie deeay is ealled 
radioaetivity and ean be eompared to a tiny ex- 
plosion. All types of radioaetive deeay involve the 
ejeetion of partieles (<alpha or beta partieles ) or 
eleetromagnetie energy (gamma rays ) from the 
atom’s nucleus and are damaging to living eells. 
Alpha emission has the least penetrating power; 
gamma radiation has the most. Contrary to what 
some believe, ionizing radiation does not damage 
the atoms in its path direetly. Instead it sends elee- 


trons flying, like a bowling ball through pins, all 
along its path. It is these eleetrons that do the 
damage. 

Radioisotopes are used in minute amounts to tag 
biologieal molecules so that they ean be followed, 
or traeed, through the body and are valuable tools 
for medieal diagnosis and treatment. For example, 
PET seans, which use radioisotopes, are discussed 
in “A Closer Look” on pp. 10-11. Additionally, a 
radioisotope of iodine ean be used to sean the thy- 
roid gland of a patient suspected of having a thyroid 
tumor. Radium, eobalt, and eeitain other radioiso- 
topes are used to destroy loealized eaneers. 


DID YOU GET IT 



7. An atom has 5 neutrons, 4 protons, and 4 eleetrons. 
What is its atomie number? What is its atomie mass 
number? 

8 . What name is given to an unstable atom that has 
either more or fewer neutrons than its typieal number? 

For ansvvers, see Appendix D. 


Moleeiiles and 
eompoimds 

Define molecule, and explain how molecules are 
related to compounds. 

When two or more atoms eombine ehemieally, 
molecules are formed. If two or more atoms of 
the same element bond together, a molecule of 


■ 

■ Lunyj± 
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Table 2.3 

Atomie Structures of the Most Abundant Elements in the Body 


Element 

Symbol 

Atomie 
niimber 
(# of p) 

Mass 
niimber 
(# of p + n) 

Atomie 

vveight 

Eleetrons in 
valenee shell 

Calcium 

Ca 

20 

40 

40.08 

2 

Carbon 

C 

6 

12 

12.011 

4 

Chlorine 

Cl 

17 

35 

35.453 

7 

Hydrogen 

H 

1 

1 

1.008 

1 

lodine 

1 

53 

127 

126.905 

7 

Iron 

Fe 

26 

56 

55.847 

2 

Magnesium 

Mg 

12 

24 

24.305 

2 

Nitrogen 

N 

7 

14 

14.007 

5 

Oxygen 

0 

8 

16 

15.999 

6 

Phosphoms 

p 

15 

31 

30.974 

5 

Sodium 

Na 

11 

23 

22.99 

1 

Sulfur 

S 

16 

32 

32.064 

6 


that element is produced. For example, when two 
hydrogen atoms bond, a molecule of hydrogen 
gas is formed: 

H (atom) + H (atom) —> H 2 (molecule)* 

In this example, the reaetants (the atoms taking 
part in the reaetion) are indieated by their atomie 
symbols, and the prodnet (the molecule formed) is 
indieated by a molecular fornmla that shows its 
atomie makeup. The ehemieal reaetion is shown 
by writing a ehemieal equation. 

When two or more different atoms bind to- 
gether to form a molecule, the molecule is more 
speeifieally referred to as a molecule of a 
compound. For example, four hydrogen atoms 
and one earbon atom ean interaet ehemieally to 
form methane: 

4H + C = CH 4 (methane) 


*Notice that when the number of atoms is written as a 
sribseript, indieates that the atoms are joined by a ehemieal 
bond. Thus, 2H represents two unjoined atoms, but H 2 
indieates that the two hydrogen atoms are bonded together 
to form a molecule. 


Thus, a molecule of methane is a compound, but 
a molecule of hydrogen gas is not—it is instead 
ealled molecular hydrogen. 

It is important to understand that compounds 
always have properties quite different from those 
of the atoms making them up, and it would be 
next to impossible to determine the atoms making 
up a compound without analyzing it ehemieally. 
Sodium ehloride is an excellent example of the 
differenee in properties between a compound and 
its constituent atoms (Figure 2.4). Sodium is a sil- 
very white metal, and ehlorine in its molecular 
state is a poisonous green gas used to make 
bleaeh. However, sodium ehloride is table salt, a 
white erystalline solid that we sprinkle on our 
food. Notiee that just as an atom is the smallest 
partiele of an element that still retains that ele- 
ment’s properties, a molecule is the smallest parti- 
ele of a compound that still retains the properties 
of that compound. If you break the bonds be- 
tween the atoms of the compound, properties of 
the atoms, rather than those of the compound, will 
be exhibited. 
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Sodiiim (silvery metal) 





Chlorine (poisonous gas) 



Figure 2.4 Properties of a eompoiind differ from those of its atoms. 


DID YOU GET IT 



9. VVhat is the meaning of the term mo/eea/e? 

10. How does a molecule of an element differ from a 
molecule of a compound? 

For answers, see Appendix D. 


ehemieal Bonds and 
ehemieal Reaetions 

Reeognize that ehemieal reaetions involve the 
interaetion of eleetrons to make and break ehemieal 
bonds. 

Differentiate ionie, polar eovalent, and nonpolar 
eovalent bonds, and deseribe the importanee of 
hydrogen bonds. 

Contrast synthesis, deeomposition, and exchange 
reaetions. 

ehemieal reaetions occur whenever atoms eom- 
bine with or dissoeiate from other atoms. When 
atoms unite ehemieally, ehemieal bonds are formed. 

Bond Formation 

It is important to understand that a ehemieal bond 
is not an actual physieal structure, like a pair of 
handcuffs linking two people together. Instead, it 
is an energy relationship that involves interaetions 
between the eleetrons of the reaeting atoms. 
Because this is so, let’s eonsider the role eleetrons 
play in forming bonds. 

Role of Eleetrons 

As illustrated in Figure 2.2, eleetrons occupy orbits 
or generally fixed regions of spaee around the nu- 
cleus; these regions are also ealled eleetron shells, 


or energy levels. The maximum number of elee- 
tron shells in any atom known so far is seven, and 
these are nmnbered 1 to 7 from the nucleus out- 
ward. The eleetrons elosest to the nucleus are those 
most strongly attraeted to its positive eharge, and 
those farther away are less securely held. As a result, 
the more distant eleetrons are likely to interaet with 
other atoms. 

Perhaps this situation ean be eompared to the 
development of a ehild. During infaney and the 
toddler years, the ehild spends most of its time at 
home and is shaped and molded by the ideas and 
demands of its parents. However, when the ehild 
goes to sehool, it is inereasingly influenced by 
friends and other adults, such as teaehers and 
eoaehes. Thus, just as the ehild is more likely to 
beeome involved with “outsiders” as it roams far- 
ther from home, eleetrons are more influenced by 
other atoms as they get farther and farther away 
from the positive influence of the nucleus. 

There is an upper limit to the number of elee- 
trons that eaeh eleetron shell ean hold. Shell 1, 
elosest to the nucleus, is small and ean aeeommo- 
date only 2 eleetrons. Shell 2 holds a maximum of 8. 
Shell 3 ean aeeommodate up to 18 eleetrons. 
Subsequent shells hold larger and larger numbers 
of eleetrons. In most (but not all) eases, the shells 
tend to be filled consecutively. 

The only eleetrons that are important when eon- 
sidering bonding behavior are those in the atom’s 
outermost shell. This shell is ealled the valenee 
shell, and its eleetrons determine the ehemieal be- 
havior of the atom. As a general mle, the eleetrons 
of inner shells do not take part in bonding. 

When the valenee shell of an atom eontains 
8 eleetrons, the atom is eompletely stable and is 








34 


Essentials of Human Anatomy and Physiology 


(a) Chemically inert elements 

Outermost energy level (valenee shell) eomplete 



Helium (He) 
(2p+; 2n°; 2e") 



Neon (Ne) 

(10p+; 10n°; lOe 



(b) ehemieally reaetive elements 


Outermost energy level 
(valenee shell) ineomplete 



Hydrogen (H) 
(1p+; 0n°; 1 e _ 



Oxygen (O) 
(8p+; 8n°; 8e _ ) 



Oarbon (C) 
(6p+; 6n°; 6e") 



Sodium (Na) 

(11 p+; 12n°; 11e~) 


Figure 2.5 Ohemieally inert and reaetive 
elements. To simplify the diagrams, eaeh atomie 
nucleus is shovvn as a eirele vvith the atom’s symbol 
in it; protons and neutrons are not shovvn. 


ehemieally inaetive (inert). When the valenee shell 
eontains fewer than 8 eleetrons, an atom will tend 
to gain, lose, or share eleetrons with other atoms 
to reaeh a stable state. When any of these events 
occurs, ehemieal bonds are formed. Examples of 
ehemieally inert and reaetive elements are shown 
in Figure 2.5. 


The key to ehemieal reaetivity is referred to as 
the rule of eights; that is, atoms interaet in such a 
way that they will have 8 eleetrons in their valenee 
shell. The first eleetron shell represents an excep- 
tion to this mle, because it is a full” when it has 
2 eleetrons. As you might guess, atoms must ap- 
proaeh eaeh other very elosely for their eleetrons 
to interaet—in faet, their outermost eleetron shells 
must overlap. 

Types of Chemical Bonds 

lonie Bonds ionie (i-on'ik) bonds form when 
eleetrons are eompletely transferred from one 
atom to another. Atoms are eleetrieally neutral, but 
when they gain or lose eleetrons during bonding, 
their positive and negative eharges are no longer 
balaneed, and eharged partieles, ealled ions, re- 
sult. When an atom gains an eleetron, it acquires a 
net negative eharge because it now has more elee- 
trons than protons. Negatively eharged ions are 
more speeifieally ealled anions. When an atom 
loses an eleetron, it beeomes a positively eharged 
ion, a eation, because it now possesses more pro- 
tons than eleetrons. (It may help you to remember 
that a eation is a positively eharged ion by think- 
ing of its “t” as a plus [+] sign.) Both anions and 
eations result when an ionie bond is formed. 
Because opposite eharges attraet, the newly ere- 
ated ions tend to stay elose together. 

The formation of sodium ehloride (NaCl), eom- 
mon table salt, provides a good example of ionie 
bonding. As illustrated in Figure 2.6, sodmm’s 
valenee shell eontains only 1 eleetron and so is 
ineomplete. However, if this single eleetron is “lost” 
to another atom, shell 2, which eontains 8 eleetrons, 
beeomes the valenee shell; thus sodium beeomes a 
eation (Na + ) and aehieves stability. ehlorine needs 
only 1 eleetron to fill its valenee shell, and it is much 
easier to gain 1 eleetron (forming Cl _ ) than it is to 
“give away” 7. Thus, the ideal situation is for sodirnn 
to donate its valenee-shell eleetron to ehlorine, and 
this is exactly what happens in the interaetion be- 
tween these two atoms. Sodium ehloride and most 
other compounds formed by ionie bonding fall into 
the general eategory of ehemieals ealled salts. 

eovalent Bonds Eleetrons do not have to be eom- 
pletely lost or gained for atoms to beeome stable. 
Instead, they ean be shared in such a way that 
eaeh atom is able to fill its valenee shell at least 
part of the time. 
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Sodium atom (Na) Chlorine atom (Cl) .Sodium ion (Na + ) Chloride ion (Cl ) 

(11p + ; 12n°; 11e _ ) (17p + ; 18n°; 17e _ ) i 

Sodium ehloride (NaCI) 

Figure 2,6 Formation of an ionie bond. Both sodium and ehlorine atoms are 
ehemieally reaetive because their valenee shells are ineompletely filled. Sodium 
gains stability by losing one eleetron, whereas ehlorine beeomes stable by gaining 
one eleetron. After eleetron transfer, sodium beeomes a sodium ion (Na + ), 
and ehlorine beeomes a ehloride ion (Cl _ ). The oppositely eharged ions attraet 
eaeh other. 


Molecules in which atoms share eleetrons are 
ealled eovalent molecules, and their bonds are 
eovalent bonds (eo = with; valent = having 
power). For example, hydrogen, with its single 
eleetron, ean beeome stable if it fills its valenee 
shell (energy level 1) by sharing a pair of 
eleetrons—its own and one from another atom. As 
shown in Figiire 2.7a, a hydrogen atom ean share 
an eleetron pair with another hydrogen atom to 
form a molecule of hydrogen gas. The shared 
eleetron pair orbits the whole molecule and satis- 
fies the stability needs of both hydrogen atoms. 
Likewise, 2 oxygen atoms, eaeh with 6 valenee- 
shell eleetrons, ean share 2 pairs of eleetrons 
(form double bonds) with eaeh other (Figure 2.7b) 
to form a molecule of oxygen gas (0 2 ). 

A hydrogen atom may also share its eleetron 
with an atom of a different element. Carbon has 4 
valenee-shell eleetrons but needs 8 to aehieve sta- 
bility. As shown in Figure 2.7c, when methane 
(CH 4 ) is formed, earbon shares 4 eleetron pairs 
with 4 hydrogen atoms (1 pair with eaeh hydro- 
gen atom). Because the shared eleetrons orbit and 
“belong to” the whole molecule, eaeh atom has a 
full valenee shell enough of the time to satisfy its 
stability needs. 

In the eovalent molecules deseribed thus far, 
eleetrons have been shared equally between the 
atoms of the molecule. Such molecules are ealled 
nonpolar eovalently bonded molecules. However, 


eleetrons are not shared equally in all eases. When 
eovalent bonds are made, the molecule formed al- 
ways has a definite three-dimensional shape. A 
molecule’s shape plays a major role in determin- 
ing just what other molecules (or atoms) it ean in- 
teraet with; the shape may also result in unequal 
eleetron-pair sharing. The following two examples 
illustrate this prineiple. 

Carbon dioxide is formed when a earbon atom 
shares its 4 valenee-shell eleetrons with 2 oxygen 
atoms. Oxygen is a very electron-hungry atom 
and attraets the shared eleetrons much more 
strongly than does earbon. However, because the 
earbon dioxide molecule is linear (0 = C = 0), 
the electron-pulling power of one oxygen atom is 
offset by that of the other, like a tug-of-war at a 
standoff between equally strong teams (Figure 
2.8a). As a result, the eleetron pairs are shared 
equally and orbit the entire molecule, and earbon 
dioxide is a nonpolar molecule. 

A water molecule is formed when 2 hydrogen 
atoms bind eovalently to a single oxygen atom. 
Eaeh hydrogen atom shares an eleetron pair with 
the oxygen atom, and again the oxygen has the 
stronger eleetron-attraeting ability. But in this 
ease, the molecule formed is bent or V-shaped 

H). The two hydrogen atoms are loeated 

o' 

at one end of the molecule, and the oxygen atom 
is at the other (Figure 2.8b); consequently, the 
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Reaeting atoms 


Resulting molecules 




Hydrogen 

atom 


Hydrogen 

atom 


Molecule of 
hydrogen gas (H 2 ) 


(a) Formation of a single eovalent bond 



Oxygen atom 




Oxygen atom 


(b) Formation of a double eovalent bond 






Hydrogen atoms 


Oarbon atom 



H 


H 



H 


H 


Molecule of methane gas (CH 4 ) 



(e) Formation of four single eovalent bonds 

Figure 2,7 Formation of eovalent bonds. (a) Formation of a single eovalent 
bond betvveen tvvo hydrogen atoms to form a molecule of hydrogen gas. (b) Formation 
of a molecule of oxygen gas. Eaeh oxygen atom shares tvvo eleetron pairs vvith its 
partner; thus a double eovalent bond is formed. (e) Formation of a molecule of 
methane. A earbon atom shares four eleetron pairs vvith four hydrogen atoms. In 
the structural formulas of the molecules shovvn at the far right, eaeh pair of shared 
eleetrons is indieated by a single eonneeting line betvveen the sharing atoms. 


H 

H — C—H 

H 
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Which molecule—(a) or (b)—is a polar molecule? 



o=c=o 


(a) Carbon dioxide (C0 2 ) 


8 “ 



(b) Water (H 2 0) 

Figure 2.8 Molecular models illustrating the 
three-dimensional structure of earbon dioxide and 
water molecules. 

eleetron pairs are not shared equally. This arrange- 
ment allows them to spend more time in the vi- 
einity of the oxygen atom. Because eleetrons are 


negatively eharged, that end of the molecule be- 
eomes slightly more negative (indieated by 8 _ ) 
and the hydrogen end beeomes slightly more 
positive (indieated by 8 + ). In other words, a 
polar molecule, a molecule with two eharged 
poles, is formed. 

Polar molecules orient themselves toward 
other polar molecules or eharged partieles (ions, 
proteins, and others), and they play an impor- 
tant role in ehemieal reaetions that occur in 
body eells. Because body tissues are 60 to 80 
pereent water, the faet that water is a polar mol- 
ecule is particularly signifieant, as we will de- 
seribe shortly. 

Hydrogen Bonds Hydrogen bonds are extremely 

weak bonds formed when a hydrogen atom 
bound to one electron-hungry nitrogen or oxygen 
atom is attraeted by another electron-hungry atom, 
and the hydrogen atom forms a “bridge” between 
them. Hydrogen bonding is eommon between 
water molecules (Figure 2.9a) and is refleeted in 



(a) (b) 

Figure 2.9 Hydrogen bonding between polar water molecules. (a) The slightly 
positive ends of the water molecules (indieated by S + ) beeome aligned with the slightly 
negative ends (indieated by S - ) of other water molecules. (b) VVater’s high surface 
tension, a result of the eombined strength of its hydrogen bonds, allows a water strider 
to walk on a pond without breaking the surface. 



■a/noa/ou/ je/od e s/ jeie/\j\ 
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water’s surface tension. The surface tension of wa- 
ter causes it to “ball up,” or form spheres, when it 
sits on a surface and allows some inseets, such as 
water striders (Figure 2.9b), to walk on water as 
long as they tread lightly. 

Hydrogen bonds are also important intramo- 
lecular bonds; that is, they help to bind different 
parts of the same molecule together into a speeial 
three-dimensional shape. These rather fragile 
bonds are very important in helping to maintain 
the structure of protein molecules, which are es- 
sential functional molecules and body-building 
materials. 

Patterns of Chemical Reaetions 

Chemical reaetions involve the making or break- 
ing of bonds between atoms. The total number 
of atoms remains the same, but the atoms appear 
in new eombinations. Most ehemieal reaetions 
have one of the three reeognizable patterns we 
deseribe next. 

Synthesis Reaetions 

Synthesis reaetions occur when two or more 
atoms or molecules eombine to form a larger, 
more complex molecule, which ean be simply 
represented as 

A + B -> AB 

Synthesis reaetions always involve bond forma- 
tion. Because energy must be absorbed to make 
bonds, synthesis reaetions are energy-absorbing 
reaetions. 

Synthesis reaetions underlie all anabolie (eon- 
stmetive) aetivities that occur in body eells. They 
are particularly important for growth and for re- 
pair of worn-out or damaged tissues. As shown in 
Figure 2.1 Oa, the formation of a protein molecule 
by the joining of amino aeids into long ehains is a 
synthesis reaetion. 

Deeomposition Reaetions 

Deeomposition reaetions occur when a molecule 
is broken down into smaller molecules, atoms, or 
ions and ean be indieated by 

AB -> A + B 

Essentially, deeomposition reaetions are synthesis 
reaetions in reverse. Bonds are always broken, 


and the products of these reaetions are smaller 
and simpler than the original molecules. As bonds 
are broken, ehemieal energy is released. 

Deeomposition reaetions underlie all eatabolie 
(destmetive) proeesses that occur in body eells; 
that is, they are molecule-degrading reaetions. 
Examples of deeomposition reaetions that occur in 
the body include the digestion of foods into their 
building bloeks and the breakdown of glyeogen (a 
large earbohydrate molecule stored in the liver) to 
release glucose (Figure 2.10b) when blood sugar 
levels start to deeline. 

Exchange Reaetions 

Exchange reaetions involve both synthesis and 
deeomposition reaetions; bonds are both made 
and broken. During exchange reaetions, a switch 
is made between molecule parts (ehanging part- 
ners, so to speak), and different molecules are 
made. Thus, an exchange reaetion ean be gener- 
ally indieated as 

AB + C —* AC + B and AB + CD —* AD + CB 

An exchange reaetion occurs, for example, when 
ATP reaets with glucose and transfers its end 
phosphate group to glucose, forming glucose- 
phosphate (Figure 2.10c). At the same time, the 
ATP beeomes ADP. This important reaetion, 
which occurs whenever glucose enters a body 
eell, effeetively traps the ghieose fuel molecule 
inside the eell. 

Regardless of the type of reaetion occurring, 
most ehemieal reaetions are reversible. If ehemieal 
bonds ean be made, they ean be broken and viee 
versa. Reversibility is indieated by a double arrow. 
When the arrows differ in length, the longer arrow 
indieates the more rapid reaetion or the major di- 
reetion in which the reaetion is proeeeding. For 
example, in the reaetion 

A + B —AB 

the reaetion going to the right is occurring more 
rapidly, and over time AB will accumulate while A 
and B will deerease in amount. If the arrows are of 
equal length, the reaetion is at ehemieal equilib- 
rium. Thus, in 

A + B AB 

for eaeh molecule of AB made, a molecule of AB 
is breaking down to release A and B. 
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(a) Synthesis reaetions 

Smaller partieles are 
bonded together to form 
larger, more complex 

molecules. 


Example 

Amino aeids are joined 
together to form a protein 
molecule. 


Amino aeid 
molecules 



(b) Deeomposition reaetions 

Bonds are broken in larger 
molecules, resulting in 
smaller, less complex 

molecules. 


Example 

Glyeogen is broken down to 
release glucose units. 


Glyeogen 



Glucose 

molecules 


(e) Exchange reaetions 


Bonds are both made and broken. 


Example 

ATP transfers its terminal phosphate 
group to glucose to form glucose- 
phosphate. 




Glucose 



Adenosine triphosphate 
(ATP) 






Glucose- Adenosine diphosphate 
phosphate (ADP) 


Figure 2.10 Patterns of ehemieal reaetions. 


Faetors lnfluencing the Rate 
of ehemieal Reaetions 

For atoms and molecules to reaet ehemieally, they 
must eollide forcefully so that the eleetrons in their 
valenee shells ean interaet. Bond making and 
breaking eannot occur long distanee. Table 2.4 in- 
dieates several faetors that influence the kinetie 
energy and, henee, the speed of the partieles and 
the foree of eollisions. 

DID YOU GET IT 

11. How do ionie bonds differ from eovalent bonds? 

12. What kind of bond forms between water molecules? 

13. Which of the reaetion types depieted in Figure 2.10 
occurs when fats are digested in your small 
intestine? 

14. How ean you indieate that a ehemieal reaetion is 
reversible? 

For ansvvers, see Appendix D. 


Bioehemistry: The 
Chemical Compos tion 
of Living Matter 

Distinguish organie from inorganie compounds. 

All ehemieals found in the body fall into one of 
two major elasses of molecules; they are either 
inorganie or organie compounds. The elass of the 
compound is determined solely by the presenee 
or absenee of earbon. With a few so far unexplain- 
able exceptions (such as earbon dioxide gas [C0 2 1 
and earbon monoxide [CO]), inorganie eom- 
pounds laek earbon and tend to be small, simple 
molecules. Examples of inorganie compounds 
found in the body are water, salts, and many (but 
not all) aeids and bases. Organie compounds are 
earbon-eontaining compounds. The important or- 
ganie compounds in the body are earbohydrates, 
lipids, proteins, and nucleic aeids. All organie 
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Table 2.4 Faetors inereasing the Rate of Chemical Reaetions 

Faetor 

Meehanism to inerease the number of eollisions 

t temperature 

t the kinetie energy of the molecules, vvhieh in turn move more rapidly 
and eollide more forcefully. 

A eoneentration of reaeting partieles 

t the number of eollisions because of inereased numbers of reaeting 
partieles. 

i partiele size 

Smaller partieles have more kinetie energy and move faster than larger 
ones. Henee they take part in more eollisions. 

Presenee of eatalysts 

i the amount of energy the molecules need to interaet by holding the 
reaetants in the proper positions to interaet (see p. 51). 


compounds are fairly (or very) large eovalently 
bonded molecules. 

Inorganie and organie compounds are equally 
essential for life. Trying to put a priee tag on 
which is more valuable ean be eompared to trying 
to deeide whether the ignition system or the en- 
gine is more essential to the operation of a ear. 

inorganie Compounds 

Explain the importanee of vvater to body homeostasis, 
and provide several examples of the roles of vvater. 

List several salts (or their ions) vitally important to body 
fiinetioning. 

Differentiate a salt, an aeid, and a base. 

Explain the eoneept of pH, and state the pH of blood. 

Water 

Water is the most abundant inorganie compound 
in the body. It accounts for about two-thirds of 
body weight. Among the properties that make wa- 
ter so vital are the following: 

1. High heat eapaeity. Water has a high heat 
eapaeity; that is, it absorbs and releases large 
amounts of heat before its temperature 
ehanges appreeiably. Thus, it prevents the 
sudden ehanges in body temperature that 
might otherwise result from intense sun expo- 
sure, ehilling winter winds, or internal events 
(such as vigorous muscle aetivity) that liberate 
large amounts of heat. 

2. Polarity/solvent properties. Because of its 
polarity, water is an excellent solvent; indeed, 


it is often ealled the “universal solvent.” A 
solvent is a liquid or gas in which smaller 
amounts of other substances, ealled solntes 
(which may be gases, liquids, or solids), ean 
be dissolved or suspended. The resulting mix- 
ture is ealled a solntion when the solute parti- 
eles are exceedingly tiny, and a snspension 
when the solute partieles are fairly large. 
Translucent mixtures with solute partieles of 
intermediate size are ealled eolloids. 

Small reaetive ehemieals—such as salts, 
aeids, and bases—dissolve easily in water and 
beeome evenly distributed. Molecules eannot 
reaet ehemieally unless they are in solution, so 
virtually all ehemieal reaetions that occur in the 
body depend on water’s solvent properties. 

Because nutrients, respiratory gases (oxy- 
gen and earbon dioxide), and wastes ean dis- 
solve in water, water ean aet as a transport and 
exchange medium in the body. For example, 
all these substances are earried from one part 
of the body to another in blood plasma and 
are exchanged between the blood and tissue 
eells by passing through interstitial fluid. 

Speeialized molecules that lubricate the 
body (such as mucus) also use water as their 
solvent, and synovial fluids “oil” the ends of 
bones as they move within joint eavities. 

3. ehemieal reaetiviíy. Water is an important 
reaetant in some types of ehemieal reaetions. 
For example, to digest foods or break down 
biologieal molecules, water molecules are 
added to the bonds of the larger molecules. 
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Such reaetions are ealled hydrolysis reaetions, 
a term that speeifieally reeognizes this role of 
water (hydro = water; lys = splitting). 

4. Cushioning. Water also serves a proteetive 
function. In the form of eerebrospinal fluid, 
water forms a cushion around the brain that 
helps to proteet it from physieal trauma. 
Amniotie fluid, which surrounds a developing 
fetus within the mother’s body, plays a similar 
role in proteeting the fetus. 

Salts 

A salt is an ionie compound eontaining eations 
other than H + and anions other than the hydroxyl 
ion (OH _ ). Salts of many metal elements are eom- 
monly found in the body, but the most plentiful 
salts are those eontaining calcium and phospho- 
ms, found ehiefly in bones and teeth. When dis- 
solved in body fluids, salts easily separate into 
their ions. This proeess, ealled dissoeiation, occurs 
rather easily because the ions have already been 
formed. All that remains is to pull the ions apart. 
This is aeeomplished by the polar water mole- 
cules, which orient themselves with their slightly 
negative ends toward the eations and their slightly 
positive ends toward the anions and thereby over- 
eome the attraetion between them (Figure 2.11). 

Salts, both in their ionie forms and in eombina- 
tion with other elements, are vital to body func- 
tioning. For example, sodium and potassium ions 
are essential for nerve impulses, and iron forms 
part of the hemoglobin molecule that transports 
oxygen within red blood eells. 

Because ions are eharged partieles, all salts 
are eleetrolytes —substances that conduct an eleetri- 
eal current in solution. When ionie (or eleetrolyte) 
balanee is severely distiirbed, virtually nothing in the 
body works. The functions of the elements found in 
body salts are summarized in Table 2.1 (on p. 28). 

Aeids and Bases 

Like salts, aeids and bases are eleetrolytes. That is, 
they ionize and then dissoeiate in water and ean 
then conduct an eleetrieal current. 

Characteristics of Aeids Aeids have a sour taste 

and ean dissolve many metals or “burn” a hole in 
your mg. A praetieal example of the devastating 
effeets of aeids is the damage caused by vinegar-like 
aeid rain on sea life, trees, and famous historieal 
monuments. But the most useful definition of an 



Salt -- lons in 

erystal solution 


Figure 2.11 Dissoeiation of salt in water. 

The slightly negative ends of the water molecules (8 _ ) 
are attraeted to Na + , whereas the slightly positive ends 
of water molecules (8 + ) orient toward Cl _ , causing the 
ions of the salt erystal to be pulled apart. 


aeid is that it is a substance that ean release 
hydrogen ions (H + ) in deteetable amounts. 
Because a hydrogen ion is essentially a hydrogen 
nucleus (a “naked proton”), aeids are also defined 

as proton donors. 

When aeids are dissolved in water, they re- 
lease hydrogen ions and some anions. The anions 
are unimportant; it is the release of the protons 
that determines an aeid’s effeets on the environ- 
ment. The ionization of hydroehlorie aeid (an aeid 
produced by stomaeh eells that aids digestion) is 
shown in the following equation: 


HCL - 

> H + + 

er 

(hydroehlorie 

aeid) 

(proton) 

(anion) 


Other aeids found or produced in the body in- 
clude aeetie aeid (the aeidie eomponent of vine- 
gar) and earbonie aeid. 
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Aeids that ionize eompletely and liberate all 
their protons are ealled strong aeids; an example 
is hydroehlorie aeid. Aeids that ionize ineom- 
pletely, as do aeetie and earbonie aeid, are ealled 
weak aeids. For example, when earbonie aeid dis- 
solves in water, only some of its moleaales ionize 
to liberate H + . 

2H 2 C0 3 -> H + + HCO/ + H 2 C0 3 

(earbonie (proton) (anion) (earbonie 

aeid) aeid) 

Oharaeteristies of Bases Bases have a bitter taste, 

feel slippery, and are proton aeeeptors. The hy- 
droxides are eommon inorganie bases. Like aeids, 
the hydroxides ionize and dissoeiate in water; but 
in this ease, the hydroxyl ion (OH~) and some 
eations are released. The ionization of sodium hy- 
droxide (NaOH), eommonly known as lye, is 

shown as 

NaOH -> Na + + OH" 
(sodium (eation) (hydroxyl 

hydroxide) ion) 

The hydroxyl ion is an avid proton (H + ) seeker, 
and any base eontaining this ion is eonsidered a 
strong base. By eontrast, biearbonate ion (HCO ò ~), 
an important base in blood, is a fairly weak base. 

When aeids and bases are mixed, they reaet 
with eaeh other (in an exchange reaetion) to form 
water and a salt: 

HCl + NaOH -> H 2 0 + NaCl 

(aeid) (base) (water) (salt) 

This type of exchange reaetion, in which an aeid 
and a base interaet, is more speeifieally ealled a 

neutralization reaetion. 

pH: Aeid-Base Ooneentrations The relative eon- 

eentration of hydrogen (and hydroxyl) ions in var- 
ious body fluids is measured in eoneentration 
units ealled pH (pe-àeh) units. The idea for a pH 
seale was devised in 1909 by a Danish bioehemist 
(and part-time beer brewer) named Sprensen and 
is based on the number of protons in solution ex- 
pressed in terms of moles per liter. (The mole is a 
eoneentration unit; its preeise definition need not 
eoneern us here. The label \M at the top right in 
Figiire 2.12 means 1 mole of sodium hydroxide 
per liter of solution.) The pH seale mns from 0 to 14 
(Figure 2.12), and eaeh successive ehange of 1 pH 
unit represents a tenfold ehange in hydrogen-ion 
eoneentration. 


At a pH of 7, the seale midpoint, the number 
of hydrogen ions exactly equals the number of hy- 
droxyl ions, and the solution is neutral; that is, nei- 
ther aeidie nor basie. Sohitions with a pH lower 
than 7 are aeidie: The hydrogen ions outnumber 
the hydroxyl ions. A solution with a pH of 6 has 
10 times as many hydrogen ions as a solution with 
a pH of 7, and a pH of 3 indieates a 10,000-fold 
(10 X 10 X 10 X 10) inerease in hydrogen-ion 
eoneentration. Sohitions with a pH number higher 
than 7 are alkaline, or basie, and solutions with a 
pH of 8 and 12 (respeetively) have 1/10 and 
1/100,000 the number of hydrogen ions present in 
a solution with a pH of 7. 

Living eells are extraordinarily sensitive to 
even slight ehanges in pH; and aeid-base bal- 
anee is carefully regulated by the kidneys, lungs, 
and a number of ehemieals ealled buffers, 
which are present in body fluids. As we deseribe 
in some detail in ehapter 15, weak aeids and 
weak bases are important eomponents of the 
body’s buffer systems, which aet to maintain 
pH stability by taking up excess hydrogen or 
hydroxyl ions. 

Because blood eomes into elose eontaet with 
nearly every body eell, regulation of blood pH 
is espeeially eritieal. Normally, blood pH varies 
in a narrow range, from 7.35 to 7.45. When 
blood pH ehanges more than a few tenths of a 
pH unit from these limits, death beeomes a 
distinet possibility. Although we could give 
hundreds of examples to illustrate this point, we 
will provide just one very important one: When 
blood pH begins to dip into the aeid range, the 
amount of life-sustaining oxygen that the hemo- 
globin in blood ean earry to body eells begins to 
fall rapidly to dangerously low levels. The 
approximate pH values of several eommon 
substances appear in Figure 2.12. 

DID YOU GET IT 

15. What property of vvater prevents rapid ehanges in 

body temperature? 

16. Which is a proton donor—an aeid or a base? 

17. Is a pH of 11 aeidie or basie? 

18. Bioehemistry is “vvet” ehemistry. What does this 

statement mean? 

19. Salts are eleetrolytes. What does that mean? 

For answers, see Appendix D. 
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Which íon /s responsible for inereased aeidity? 



Basie 

solution 



Neutral 

solution 



Aeidie 

solution 




Examples 

1/W Sodium 
hydroxide 
(pH 14) 



Oven eleaner, 
lye 

(pH 13.5) 


AmmoM* 


Household 

ammonia 


(pH 10.5-11.5) 



Household 

bleaeh 


(pH 9.5) 




Blaek eoffee 
(pH 5) 



Wine 

(pH 2.5-3.5) 



Lemon juice; 
gastrie juice 

(pH 2) 



1 M Hydroehlorie 
aeid (pH 0) 


R: 


Organie Compounds 

Explain the role of dehydration synthesis and 
hydrolysis in formation and breakdovvn of organie 
molecules. 

Compare and eontrast earbohydrates and lipids in 
terms of their building bloeks, structures, and 
functions in the body. 

Most organie molecules are very large molecules, 
but their interaetions with other molecules typi- 
eally involve only small, reaetive parts of their 
structure ealled fnnetional gronps (aeid groups, 
amines, and others). 

As you will see shortly, many biologieal mole- 
cules (earbohydrates and proteins for example) are 
polymers. Polymers are ehainlike molecules made 
of many similar or repeating units (monomers), 
which are joined together by dehydration syn- 
thesis (Figure 2.13a). During dehydration synthesis, 
a hydrogen atom is removed from one monomer 
and a hydroxyl group (OH) is removed from the 
monomer it is to be joined with. As a eovalent 
bond unites the monomers, a water molecule is 
released. This removal of a water molecule at the 
bond site occurs eaeh time a monomer is added to 
the growing polymer ehain. 

When polymers must be broken down or di- 
gested to their monomers, the reverse proeess 
ealled hydrolysis occurs (Figure 2.13b). As a wa- 
ter molecule is added to eaeh bond, the bond is 
broken, releasing the monomers. Other than the 
monomers, all organie molecules you will meet in 
this ehapter are formed by dehydration synthesis 
and broken down by hydrolysis. 

Oarbohydrates 

Carbohydrates, which include sugars and 
starehes, eontain earbon, hydrogen, and oxygen. 
With slight variations, the hydrogen and oxygen 
atoms appear in the same ratio as in water; that 
is, 2 hydrogen atoms to 1 oxygen atom. This is 


Figure 2.12 The pH seale and pH values of 
representative substances. The pH seale is 
based on the number of hydrogen ions in solution. 

At a pH of 7, [H + ] = [OH~], and the solution is neutral. 
A solution with a pH below 7 is aeidie (more H + 
than OH“); above 7, basie or alkaline (less H + 
than OH“). 
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(a) Dehydration synthesis 


Monomers are joined by removal of OH from one monomer 
and removal of H from the other at the site of bond formation. 


Monomer 1 Monomer 2 


OH HO 



Monomers linked by eovalent bond 


(b) Hydrolysis 


Monomers are released by the addition of a water molecule, 

adding OH to one monomer and H to the other. 


H 2 0 



Monomers linked by eovalent bond 



Figure 2.13 Dehydration synthesis and hydrolysis of biologieal molecules. 

Biologieal molecules are formed from their monomers (units) by dehydration synthesis 
and broken down to their monomers by hydrolysis. 


refleeted in the word earbohydrate, which means 
“hydrated earbon,” and in the moleaalar formulas 
of sugars. For example, glucose is C^H 12 0^, and 
ribose is e^H^O^. 

Carbohydrates are elassified aeeording to size 
and solubility in water as monosaeeharides, disae- 
eharides, or polysaeeharides. Because monosae- 
eharides are joined to form the molecules of the 
other two groups, they are the structural units, or 
building bloeks, of earbohydrates. 

Monosaeeharides Monosaeeharide means one 

(mono ) sugar ( saeeharide ), and thus monosaeeha- 
rides are also referred to as simple sngars. They 
are single-ehain or single-ring structures, eontain- 
ing from 3 to 7 earbon atoms (Figure 2.14a). 

The most important monosaeeharides in the 
body are ghieose, fmetose, galaetose, ribose, 
and deoxyribose. Glucose, also ealled blood 
sngar, is the universal cellular fuel. Frnetose and 
galaetose are eonverted to glucose for use by 
body eells. Ribose and deoxyribose form part of 
the structure of nucleic aeids, another group of 
organie molecules. 

Disaeeharides Disaeeharides, or double sugars 
(Figure 2.l4b), are formed when two simple sug- 


ars are joined by dehydration synthesis. In this re- 
aetion, as noted earlier, a water molecule is lost as 
the bond forms (Figure 2.l4d). 

Some of the important disaeeharides in the 
diet are sucrose (glucose-fructose), which is eane 
sugar; laetose (glucose-galactose), found in milk; 
and maltose (ghieose-ghieose), or malt sugar. 
Because the double sugars are too large to pass 
through eell membranes, they must be broken 
down (digested) to their monosaeeharide units to 
be absorbed from the digestive traet into the 
blood. As shown in Figure 2.l4d, and in Figure 
2.13b, this is aeeomplished by hydrolysis. 

Polysaeeharides Long, branehing ehains of linked 
simple sugars are ealled polysaeeharides (literally, 
“many sugars”) (see Figure 2.l4c). Because they 
are large, insoluble molecules, they are ideal stor- 
age products. Another consequence of their large 
size is that they laek the sweetness of the simple 
and double sugars. 

Only two polysaeeharides, stareh and glyeo- 
gen, are of major importanee to the body. Stareh 
is the storage polysaeeharide formed by plants. We 
ingest it in the form of “starehy” foods, such as 
grain products and root vegetables (potatoes and 
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(a) Simple sugar (monosaeeharide) (b) Double sugar (disaeeharide) 



(e) Stareh (polysaeeharide) 



Dehydration 

synthesis 


Hydrolysis 





Glucose Fmetose 


Sucrose 


Water 


(d) Dehydration synthesis and hydrolysis of a molecule of sucrose 

Figure 2.14 Carbohydrates. (a) The generalized structure of a monosaeeharide. 
(b) and (e) The basie structures of a disaeeharide and a polysaeeharide, respeetively. 
(d) Formation and breakdown of the disaeeharide sucrose by dehydration synthesis 
and hydrolysis, respeetively. 


earrots, for example). Glyeogen is a slightly 
smaller, but similar, polysaeeharide found in ani- 
mal tissues (largely in the muscles and the liver). 
Like stareh, it is formed of linked ghieose units. 

Carbohydrates provide a ready, easily used 
source of food energy for eells, and ghieose is at 
the top of the “eelhilar menu.” When ghieose is 
oxidized (eombined with oxygen) in a complex 
set of ehemieal reaetions, it is broken down into 
earbon dioxide and water. Some of the energy re- 
leased as the ghieose bonds are broken is trapped 
in the bonds of high-energy ATP molecules, the 
energy “currency” of all body eells. If not immedi- 
ately needed for ATP synthesis, dietary earbohy- 
drates are eonverted to glyeogen or fat and stored. 
Those of us who have gained weight from eating 
too many earbohydrate-rieh snaeks have firsthand 
experience of this eonversion proeess! 

Small amounts of earbohydrates are used for 
structural purposes and represent 1 to 2 pereent of 
eell mass. Some sugars are found in our genes, 
and others are attaehed to outer surfaces of eell 


membranes, where they aet as road signs to guide 
eelhilar interaetions. 

Lipids 

Lipids are a large and diverse group of organie 
compounds (Table 2.5). They enter the body in 
the form of fat-marbled meats, egg yolks, milk 
products, and oils. The most abundant lipids in 
the body are triglyeerides, phospholipids, and 
steroids. Like earbohydrates, all lipids eontain ear- 
bon, hydrogen, and oxygen atoms, but in lipids, 
earbon and hydrogen atoms far outnumber oxy- 
gen atoms, as illustrated by the forimila for a typi- 
eal fat named tristearin: C 5 7 H 110 O( 5 . Most lipids are 
insoluble in water but readily dissolve in other 
lipids and in organie solvents such as aleohol and 
aeetone. 

Triglyeerides The triglyeerides (tri-glis'er-Idz), or 

neutral fats, are eomposed of two types of build- 
ing bloeks, fatty aeids and glyeerol. Their syn- 
thesis involves the attaehment of three fatty 
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Table 2.5 Representative Lipids Found in the Body 

Lipid type 

Location/function 

Neutral fats (triglyeerides) 

Found in fat deposits (subcutaneous tissue and around organs); proteet and 
insulate the body organs; the major source of stored energy in the body. 

Phospholipids (eephalin 
and others) 

Found in eell membranes; partieipate in the transport of lipids in plasma; 
abundant in the brain and the nervous tissue in general, where they help to form 
insulating white matter. 

Steroids 


Cholesterol 

The basis of all body steroids. 

Bile salts 

A breakdown product of eholesterol; released by the liver into the digestive traet, 
where they aid in fat digestion and absorption. 

Vitamin D 

A fat-soluble vitamin produced in the skin on exposure to UV (ultraviolet) 
radiation; neeessary for normal bone growth and function. 

Sex hormones 

Estrogen and progesterone (female hormones) and testosterone (a male hormone) 
produced from eholesterol; neeessary for normal reproductive function; defieits 
result in sterility. 

Corticosteroids (adrenal 
eortieal hormones) 

Cortisol, a glucocorticoid, is a long-term antistress hormone that is neeessary for 
life; aldosterone helps regulate salt and water balanee in body fluids by targeting 
the kidneys. 

Other lipoid substances 


Fat-soluble vitamins 


A 

Found in orange-pigmented vegetables (earrots) and frnits (tomatoes); part of the 
photoreeeptor pigment involved in vision. 

E 

Taken in via plant products such as wheat germ and green leafy vegetables; may 
promote wound healing and contribute to fertility, but not proven in humans; an 
antioxidant; may help to neutralize free radieals (highly reaetive partieles believed 
to be involved in triggering some types of eaneers). 

K 

Made available largely by the aetion of intestinal baeteria; also prevalent in a wide 
variety of foods; neeessary for proper elotting of blood. 

Prostaglandins 

Derivatives of fatty aeids found in eell membranes; various functions depending 
on the speeifie elass, including stimulation of uterine eontraetions (thus inducing 
labor and abortions), regulation of blood pressure, and eontrol of motility of the 
gastrointestinal traet; involved in inflammation. 

Lipoproteins 

Lipoid and protein-based substances that transport fatty aeids and eholesterol 
in the bloodstream; major varieties are high-density lipoproteins (HDLs) and 
low-density lipoproteins (LDLs). 


aeids to a single glyeerol molecule. The result is 
an E-shaped molecule that resembles the tines of 
a fork (Figure 2.15a). Although the glyeerol baek- 
bone is the same in all neutral fats, the fatty aeid 
ehains vary; this variation results in different kinds 
of neutral fats. 


The length of a triglyeeride’s fatty aeid ehains 
and their type of C—C bonds determine how solid 
the molecule is at a given temperature. Fatty aeid 
ehains with only single eovalent bonds between 
earbon atoms are referred to as saturated. Their 
fatty aeid ehains are straight (see Figure 2.16a) 
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Triglyeerides and phospholipids are similar. What is the major structural differenee 
m betvveen them? 



+ 3H 2 0 


Glyeerol 


3 fatty aeid ehains 


Triglyeeride, or neutral fat 


(a) Formation of a triglyeeride 


3 water 
moleeijles 



Polar “head” 



Nonpolar “tail” 


Phosphorus-containing Glyeerol 

group (polar end) baekbone 

(b) Phospholipid molecule (phosphatidyleholine) 


2 fatty aeid ehains 
(nonpolar end) 



(e) Cholesterol 

Figure 2.15 Lipids. (a) Triglyeerides, or neutral fats, are synthesized by dehydration 
synthesis (three fatty aeid ehains are attaehed to a single glyeerol molecule, and a water 
molecule is lost at eaeh bond site). (b) Structure of a typieal phospholipid molecule. 

Two fatty aeid ehains and a phosphoms-eontaining group are attaehed to the 
glyeerol baekbone. Notiee that one fatty aeid ehain in (b) is unsaturated (has one or 
more double C=C bonds). (e) The generalized structure of eholesterol (the basis for 
all steroids made in the body). 
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Structural formula of a 
saturated fat molecule 


H O 

H-C-0-C 

O 

H-C-0-C 




H—C —O 

H 



(a) Saturated fat. At room temperature, the 

molecules of a saturated fat such as this butter 
are paeked elosely together, forming a solid. 




H 


Structural formula of an 
unsaturated fat molecule 


O 


H-C-0-C 



H-C-0 




(b) Unsaturated fat. At room temperature, the 

molecules of an unsaturated fat such as this olive 
oil eannot paek together elosely enough to solidify 
because of the kinks in some of their fatty aeid 
ehains. 


Figure 2.16 Examples of saturated and 
unsaturated fats and fatty aeids. 


and, at room temperature, the molecules of a satu- 
rated fat paek elosely together, forming a solid. 
Fatty aeids that eontain one or more double bonds 
between earbon atoms are said to be unsaturated 
(monounsaturated and polyunsaturated, re- 
speetively). The double and triple bonds cause the 
fatty aeid ehains to kink (Figure 2.l6b) so that 
they eannot paek elosely enough to solidify. 
Henee, triglyeerides with short fatty aeid ehains or 
unsaturated fatty aeids are oils (liquid at room 
temperature) and are typieal of plant lipids. 
Examples include olive oil (rieh in monounsatu- 
rated fats) and soybean and saffiower oils, which 


eontain a high pereentage of polyunsaturated fatty 
aeids. Longer fatty aeid ehains and more saturated 
fatty aeids are eommon in animal fats, such as but- 
terfat and the fat of meats, which are solid at room 
temperature. Of the two types of fatty aeids, the 
unsaturated variety, espeeially olive oil, is said to 
be more “heart healthy.” 

Trans fats, eommon in many margarines and 
baked products, are oils that have been solidified 
by addition of hydrogen atoms at sites of double 
earbon bonds. They have reeently been branded as 
inereasing the risk of heart disease even more than 
the solid animal fats. In eontrast, the omega-3 
fatty aeids, found naturally in cold-water fish, ap- 
pear to deerease the risk of heart disease and 
some inflammatory diseases. 

Triglyeerides represent the body’s most abun- 
dant and eoneentrated source of usable energy. 
When they are oxidized, they yield large amounts 
of energy. They are stored ehiefly in fat deposits 
beneath the skin and around body organs, where 
they help insulate the body and proteet deeper 
body tissues from heat loss and bumps. 

Phospholipids Phospholipids (fos'fo-lip'hdz) are 
similar to the triglyeerides. They differ in that a 
phosphoms-eontaining group is akvays part of the 
molecule and takes the plaee of one of the fatty 
aeid ehains. Thus, phospholipids have two instead 
of three attaehed fatty aeids (see Figure 2.15b). 

Because the phosphoms-eontaining portion (the 
“head”) bears an eleetrieal eharge, it gives phospho- 
lipids speeial ehemieal properties and polarity. For 
example, the eharged region attraets and interaets 
with water and ions, but the fatty aeid ehains (the 
“tail”) do not. The presenee of phospholipids in eel- 
lular boundaries (membranes) allows eells to be se- 
leetive about what may enter or leave. 

Steroids Steroids are basieally flat molecules 
formed of four interloeking rings (Figure 2.15c); 
thus, their structure differs quite a bit from that of 
fats. However, like fats, steroids are made largely 
of hydrogen and earbon atoms and are fat-soluble. 

The single most important steroid molecule is 
eholesterol. We ingest eholesterol in animal prod- 
ucts such as meat, eggs, and eheese, and some is 
made by the liver, regardless of dietary intake. 

eholesterol has earned bad press because of 
its role in arterioselerosis, but it is essential for hu- 
man life. eholesterol is found in eell membranes 
and is the raw material of vitamin D, steroid 
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VZhat is the importanee of the R-groups (green here) ? 




Amine 


Aeid 


COOH 


ch 2 


group 

1--1 

R 

group 

1--1 

H 


ch 2 


ch 2 







(a) Generalized 
structure of all 
amino aeids 


(b) Glyeine 
(the simplest 
amino aeid) 


(e) Aspartie aeid 
(an aeidie 
amino aeid) 


(d) Lysine 
(a basie 
amino aeid) 


(e) Oysteine 
(a sulfur- 
eontaining 
amino aeid) 


Figure 2.17 Amino aeid structures. (a) Generalized structure of amino aeids. 
All amino aeids have both an amine (—NH 2 ) group and an aeid (—COOH) group; 
they differ only in the atomie makeup of their R-groups (green). (b-e) Speeifie 
structures of four amino aeids. 


hormones, and bile salts. Although steroid hor- 
mones are present in the body in only small quan- 
tities, they are vital to homeostasis. Without sex 
hormones, reproduction would be impossible, and 
a total laek of the eortieosteroids produced by the 
adrenal glands is fatal. 


DfD YOU GET IT f 

20. What are the structural units, or building bloeks, of 
earbohydrates? Of lipids? 

21. Which type of lipid is abundant in cellular 
membranes? 

22 . Is the formation of glyeogen from glucose an example 
of hydrolysis or dehydration synthesis? 

For ansvvers, see Appendix D. 


Proteins 

Differentiate fibrous proteins from globular proteins. 
Define enzyme, and explain the role of enzymes. 

Proteins account for over 50 pereent of the or- 
ganie matter in the body, and they have the most 



varied functions of the organie molecules. Some 
are eonstmetion materials; others play vital roles in 
eell function. Like earbohydrates and lipids, all 
proteins eontain earbon, oxygen, and hydrogen. 
In addition, they eontain nitrogen and sometimes 
sulfur atoms as well. 

The building bloeks of proteins are small mol- 
ecules ealled amino (ah-me'no) aeids. About 20 
eommon varieties of amino aeids are found in pro- 
teins. All amino aeids have an amine group (NH 2 ), 
which gives them basie properties, and an aeid 
group (COOH), which allows them to aet as aeids. 
In faet, all amino aeids are identieal except for a 
single group of atoms ealled their R-group (Figure 
2.17). Differenees in the R-groups make eaeh 
amino aeid ehemieally unique. For example, an 
extra aeid group (COOH) in the R-group makes 
the amino aeid more aeidie. 

Amino aeids are joined together in ehains to 
form large, complex protein molecules that eon- 
tain from 50 to thousands of amino aeids. (Amino 
aeid ehains eontaining fewer than 50 amino aeids 
are ealled polypeptides .) Because eaeh type of 
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amino aeid has distinet properties, the sequence in 
which they are bound together produces proteins 
that vary widely both in structure and function. To 
understand this more easily, think of the 20 amino 
aeids as a 20-letter alphabet. The letters (amino 
aeids) are used in speeifie eombinations to form 
words (a protein). Just as a ehange in one letter of 
any word ean produce a word with an entirely dif- 
ferent meaning (flour —> floor) or one that is non- 
sensieal (flour —> fluur), ehanges in kinds of amino 
aeids (letters) or in their positions in the protein 
allow literally thousands of different protein mole- 
cules to be made. 

stmetiiral Levels Of Proteins We ean deseribe pro- 

teins in terms of four structural levels. The se- 
quence of amino aeids eomposing the polypeptide 
ehain is ealled the primary structure of a protein. 
This structure, which resembles a strand of amino 
aeid “beads,” is the baekbone of the protein mole- 
cule (Figure 2.18a). 

Proteins do not normally function as simple, 
linear ehains of amino aeids. Instead, they twist or 
bend upon themselves to form a more complex 
seeondary structure. The most eommon seeondary 
structure is the alpha (a)-helix, which resembles 
a Slinky toy or the eoils of a telephone eord 
(Figure 2.18b). The a-helix is formed by eoiling of 
the primary ehain and is stabilized by hydrogen 
bonds. Hydrogen bonds in a-heliees always link 
different parts of the same ehain together. 

In another type of seeondary structure, the 
beta ((3)-pleated sheet, the primary polypeptide 
ehains do not eoil, but are linked side by side by 
hydrogen bonds to form a pleated, ribbonlike 
structure that resembles an aeeordion (see Figure 
2.18b). In this type of seeondary structure, the hy- 
drogen bonds may link together different polypep- 
tide ehains as well as different parts of the same 
ehain that has folded baek on itself. 

Many proteins have tertiary structure (ter'she- 
a"re), the next higher level of complexity. Tertiary 
structure is aehieved when a-helieal or (3-pleated 
regions of the polypeptide ehain fold upon one 
another to produce a eompaet ball-like, or 
glohular, molecule (Figure 2.18c). The unique 
structure is maintained by eovalent and hydrogen 
bonds between amino aeids that are often far 
apart in the primary ehain. When two or more 
polypeptide ehains eombine in a regular manner 
to form a complex protein, the protein has 
quaternary structure (kwah'ter-na"re). 


Although a protein with tertiary or quaternary 
structure looks a bit like a clump of eongealed 
pasta, the final structure of any protein is very spe- 
eifie and is dietated by its primaiy structure. In 
other words, the types and positions of amino 
aeids in the protein baekbone determine where 
bonds ean form to keep water-loving amino aeids 
near the surface and water-fieeing amino aeids 
buried in the protein’s eore. 

Fibrous and Globular Proteins Based on their over- 

all shape and structure, proteins are elassed as 
either fibrous or globular proteins (Figure 2.19). 
The strandlike fìbrous proteins, also ealled 
structural proteins, appear most often in body 
structures. Some exhibit only seeondary structure 
but most have tertiary or even quaternary stme- 
ture. They are very important in binding structures 
together and providing strength in eertain body 
tissues. For example, eollagen (kol'ah-jen) is 
found in bones, eartilage, and tendons and is the 
most abundant protein in the body. Keratin 
(ker'ah-tin) is the structural protein of hair and 
nails and the material that makes skin tough. 

Globular proteins are mobile, generally 
eompaet, spherieal molecules that have at least 
tertiary structure. These water-soluble proteins 
play emeial roles in virtually all biologieal 
proeesses. Because they do things rather than 
just form structures, they are also ealled 
fimetional proteins. As summarized in Table 2.6, 
the seope of their aetivities is remarkable. Some 
(antibodies) help to provide immunity; others 
(hormones) help to regulate growth and develop- 
ment. Still others, ealled enzymes (en'zímz), regu- 
late essentially every ehemieal reaetion that goes 
on within the body. 

The fibrous stmetiiral proteins are exceptionally 
stable, but the globular functional proteins are quite 
the opposite. Hydrogen bonds are eritieally impor- 
tant in maintaining their stmcture, but hydrogen 
bonds are fragile and are easily broken by heat and 
excesses of pH. When their three-dimensional stme- 
tures are destroyed, the proteins are said to be 
denatured and ean no longer perform their physio- 
logieal roles. Why? Their function depends on their 
speeifie stmcture—most importantly, on the pres- 
enee of particular eolleetions of atoms ealled aetive 
sites on their surface that “fit” and interaet ehemi- 
eally with other molecules of eomplementaiy shape 
and eharge (see Figure 2.20). Hemoglobin beeomes 
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Amino 



Alpha- 


Polypeptide 
(single subunit) 



Complete protein, 
with four polypetide 
subunits 


(a) Primary structure. A 

protein’s primary structure 
is the unique sequence of 
amino aeids in the 
polypeptide ehain. 


(b) Seeondary structure. 

Two types of seeondary 
structure are named 
alpha-helix and beta- 
pleated sheet. Seeondary 
structure is reinforeed by 
hydrogen bonds. Dashed 
lines represent the 
hydrogen bonds in this 
figure. 


(e)Tertiary structure. The 

overall three-dimensional 
shape of the polypeptide 
or protein is ealled tertiary 
structure. It is reinforeed 
by ehemieal bonds 
between the R-groups of 
amino aeids in different 
regions of the polypeptide 
ehain. 

(d) Quaternary structure. 

Some proteins eonsist of 
two or more polypeptide 
ehains. For example, 
hemoglobin, the blood 
protein, is constructed 
from four polypeptides. 
Such proteins have a 
quaternary structure. 


Figure 2.18 The four levels of protein structure. 


totally unable to bind and transport oxygen when 
blood pH beeomes too aeidie, as hinted earlier. 
Pepsin, a protein-digesting enzyme that aets in the 
stomaeh, is inaetivated by alkaline pH. In eaeh ease, 
the stnietiire needed for fhnetion has been de- 
stroyed by the improper pH. 

Except for enzymes, we deseribe most impor- 
tant types of functional proteins with the organ 
system or functional proeess to which they are 
elosely related. For instanee, we discuss protein 
hormones in ehapter 9 (Endoerine System), hemo- 
globin in ehapter 10 (Blood), and antibodies in 
ehapter 12 (The Lymphatie System and Body 
Defenses). However, enzymes are important in the 


functioning of all body eells, and so we eonsider 
these ineredibly complex molecules here. 

Enzymes and Enzyme Aetivity Enzymes are func- 

tional proteins that aet as biologieal eatalysts. A 
eatalyst is a substance that inereases the rate of a 
ehemieal reaetion without beeoming part of the 
product or being ehanged itself. Enzymes aeeom- 
plish this feat by binding to and “holding” the 
reaeting molecules (the siibstrates ) in the proper 
position for ehemieal interaetion. While the sub- 
strates are bound to the enzyme’s aetive site 
(Figure 2.20), they undergo structural ehanges that 
result in a new product. Onee the reaetion has oe- 
curred, the enzyme releases the product. Because 
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Heme group 



Globin 

protein 


(a) Triple helix of eollagen 

(a fibroiis or structural protein). 

Figure 2.19 General structure of (a) a fibrous 
protein. 


(b) Hemoglobin molecule eomposed of the 
protein globin and attaehed heme groups. 
(Globin is a globular or functional protein.) 

protein and (b) a globular 


enzymes are not ehanged in doing their job, they 
are reusable, and the eells need only small 
amounts of eaeh enzyme. 

Enzymes are eapable of eatalyzing millions of 
reaetions eaeh minute. However, they do more 
than just inerease the speed of ehemieal reaetions; 
they also determine just which reaetions are possi- 
ble at a particular time. No enzyme, no reaetion! 
Enzymes ean be eompared to a bellows used to 


fan a sluggish fire into flaming aetivity. Without 
enzymes, bioehemieal reaetions would occur far 
too slowly to sustain life. 

Although there are hundreds of different 
kinds of enzymes in body eells, they are very 
speeifie in their aetivities, eaeh eontrolling only 
one (or a small group of) ehemieal reaetion(s) 
and aeting only on speeifie molecules. Most en- 
zymes are named aeeording to the speeifie type 


Table 2.6 Representative dasses of Functional Proteins 

Functional elass 

Role(s) in the body 

Antibodies 

(immunoglobulins) 

Highly speeialized proteins that reeognize, bind with, and inaetivate baeteria, 
toxins, and some vimses; function in the immune response, which helps 
proteet the body from “invading” foreign substances. 

Hormones 

Help to regulate growth and development. Examples include 

• Growth hormone=an anabolie hormone neeessary for optimal growth. 

• lnsulin = helps regulate blood sugar levels. 

• Nerve growth faetor—guides the growth of neurons in the development 
of the nervous system. 

Transport proteins 

Hemoglobin transports oxygen in the blood; other transport proteins in the 
blood earry iron, eholesterol, or other substances. 

Enzymes (eatalysts) 

Essential to virtually every bioehemieal reaetion in the body; inerease the 
rates of ehemieal reaetions by at least a millionfold; in their absenee (or 
destmetion), bioehemieal reaetions eease. 
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Substrates (S) 

e.g., amino aeids 



Enzyme(E) (T)Substrates bind to aetive 

site. Enzyme ehanges shape 
to hold substrates in proper 
position. 


Figure 2.20 A simplified view of enzyme aetion. 


Product (P) 

e.g., dipeptide 

Energy is Water is 



(2)Structural ehanges 
occur, resulting in the 
product. 


Enzyme (E) 

(3) Product is released. 
Enzyme returns to 
original shape, ready 
to eatalyze another 
reaetion. 


of reaetion they eatalyze. There are “hydrolases,” 
which add water; “oxidases,” which cause oxida- 
tion; and so on. (In most eases, you ean reeog- 
nize an enzyme by the suffix -ase forming part 
of its name.) 

Many enzymes are produced in an inaetive 
form and must be aetivated in some way before 
they ean function. In other eases, enzymes are in- 
aetivated immediately after they have performed 
their eatalytie function. Both events are tme of en- 
zymes that promote blood elotting when a blood 
vessel has been damaged. If this were not so, 
large numbers of unneeded and potentially lethal 
blood elots would be formed. 

DID YOU GET IT 

23. What is the primary structure of proteins? 

24. Of fibrous and globular proteins, which is more 
important for building body structures? 

25. How does an enzyme reeognize its substrate(s)? 

For answers, see Appendix D. 

Nucleic Aeids 

Oompare and eontrast the structure and functions of 
DNA and RNA. 

Explain the importanee of ATP in the body. 


The role of nucleic (nu-kle'ik) aeids is fundamen- 
tal: They make up the genes, which provide the 
basie blueprint of life. They not only determine 
what type of organism you will be, but also direet 
your growth and development—and they do this 
largely by dietating protein stmcture. (Remember 
that enzymes, which eatalyze all the ehemieal reae- 
tions that occur in the body, are proteins.) 

Nucleic aeids, eomposed of earbon, oxygen, 
hydrogen, nitrogen, and phosphoms atoms, are 
the largest biologieal molecules in the body. Their 
building bloeks, the nucleotides (nu'kle-o-tidz), 
are quite complex. Eaeh eonsists of three basie 
parts: (1) a nitrogen-eontaining base, (2) a pentose 
(5-earbon) sugar, and (3) a phosphate group 
(Figure 2.21 a and b). 

The bases eome in five varieties: adenine (A), 
guanine (G), eytosine (C), thymine (T), and uracil 
(U). A and G are large, two-ring bases, whereas 
the others are smaller, single-ring structures. The 
nucleotides are named aeeording to the base they 
eontain: A-eontaining bases are adenine nu- 
eleotides, C-containing bases are eytosine nu- 
eleotides, and so on. 

The two major kinds of nucleic aeid are 
deoxyribonucleic (de-ok"sí-ri // bo-nu-kle / ik) aeid 
(DNA) and ribonucleic aeid (RNA). DNA and 
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Deoxyribose 

Phosphate sugar Adenine (A) 




(a) Adenine nucleotide 

(Chemical structure) 
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(b) Adenine nucleotide \ 

(Diagrammatie representation) \ 

I 


I 

I 

/ 


Deoxyribose 

sugar 

Phosphate- 



(e) Computer-generated image of a DNA molecule 


(d) Diagram of a DNA molecule 


KEY: 




Cytosine (C) 



Adenine (A) 



Guanine (G) 


Figure 2,21 Structure of DNA. (a) The unit of DNA, the nucleotide, is eomposed 
of a deoxyribose sugar molecule linked to a phosphate group. A nitrogen-eontaining 
base is attaehed to the sugar. The nucleotide illustrated, both in its (a) ehemieal and 
(b) diagrammatie structures, eontains the base adenine. (e) Computer-generated image 
of DNA. (d) Diagrammatie structure of a DNA molecule—two nucleotide ehains eoiled 
into a double helix. The “baekbones” of DNA are formed by alternating sugar and 
phosphate molecules. The “rnngs” are formed by eomplementary bases (A to T, G to C) 
bound by hydrogen bonds. 














































Pharmaey Teehnieian 


A thorough understanding of 
anatomy and physiology is vital for 
pharmaey teehnieians to reeognize 
how medieations affeet patients. 

When most people get a new 
medieation, they open up the 
paekage and toss out the little 
pamphlet that goes into detail about 
how the medieation works. Not 
Chris Green. “I love reading the 
paekage inserts,” says Green, the 
lead pharmaey teehnieian at a CVS 
dmgstore in Birmingham, Alabama. 
Green’s enthusiasm for those details 
is a lifesaver for his customers. 
Pharmaey teehnieians are a vital link 
in the ehain between doetor and 
patient. 

Although pharmaey teehnieians 
are legally prohibited from talking 
with patients about their symptoms, 
they ean translate medieal jargon, 
and discuss a medieation’s side 
effeets and other precautions the 
patient may need to take. For 
example, doetors may reeommend 
that patients who are on eertain 
medieations for a long time have 
regular tests such as eye exams, 
bloodwork, or tests for liver function. 
A pharmaey teehnieian ean eonvey 
that information to the patient—and 
eheek on subsequent visits to make 
sure he or she is following up. 

As a lead pharmaey teehnieian, 
Green supervises the other 
pharmaey teehnieians at his store. A 
busy retail pharmaey like his has 
various stations: data entry, where 
the patient’s reeord is updated with a 
new preseription; production, where 
the preseription is filled; and 
verifieation, where the pharmaeist 
reviews the preseription and makes 
sure it is filled and labeled eorreetly. 



I was interested in 
how drugs work, 
how they ean help 
people and 
improve their 
health. 

Green’s job is to make sure the 
proeess flows smoothly from station 
to station. 

Green started working as a eashier 
at a dmgstore when he was in high 
sehool and gradually beeame 
interested in the pharmaey itself. 

“I was interested in how drugs 
work, how they ean help people and 
improve their health,” he said. 

He earned a baehelor’s degree in 
biology and emphasized that 
pharmaey teehnieians must have a 
good grasp of the seienees, 
espeeially basie ehemistry and 
anatomy and physiology, to help 
them understand eaeh drng’s 
ehemieal makeup and properties. 

“We enter all the data, we see 
what potential side effeets there are,” 
he says. “It’s important to know how 
the medieations work, how they 
interaet with eaeh other, how they 
interaet with the body. I might see 
something and bring it to the 
pharmaeist’s attention.” In addition, 
communication skills and the ability 
to work with people are important. 
Good communication ean be the 
differenee between life and death for 
a patient, particularly when a doetor 
preseribes a medieation that could 
reaet badly with another medieation 


the patient is already taking. Drug 
interaetions happen eommonly when 
you have multiple doetors. 
“Sometimes, we’ll get two ACE 
inhibitors in the same eategory from 
two different doetors [preseribed for 
the same patient], and that could be 
lethal,” Green says. 

Pharmaey teehnieians work in 
retail and mail-order, hospitals, 
nursing homes, assisted living 
faeilities, and anywhere else patients 
have high needs for medieation. As 
the Baby Boom generation ages and 
the number of senior eitizens grows, 
so does the demand for pharmaeists 
and pharmaey teehnieians. Sinee 
pharmaey teehnieians ean work 
whenever pharmaeies are open, they 
often work nights and weekends 
depending on seniority and the type 
of faeility where they work. 

Requirements to be a pharmaey 
teehnieian vary from state to state, 
and many simply reeeive on-the-job 
training. However, some pharmaeies 
seek out teehnieians with speeifie 
training requiring elassroom and 
laboratory work in a hospital, 
community eollege, or voeational 
program or sometimes through the 
military. Some of these programs 
also include internships in 
pharmaeies. 

For additional information on this eareer, 
eliek the Focus on Careers link at 

www.anatomyandphysiology.com. 
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(b) Hydrolysis of ATP 

Figure 2.22 ATP—structure and hydrolysis. (a) The structure of ATP (adenosine 
triphosphate). (b) Hydrolysis of ATP to yield ADP (adenosine diphosphate) and inorganie 
phosphate. High-energy bonds are indieated by a red ~. 


RNA differ in many respeets. DNA is the genetie 
material found within the eell nucleus (the eontrol 
eenter of the eell). It has two fundamental roles: 
(1) It replieates itself exactly before a eell divides, 
thus ensuring that the genetie information in every 
body eell is identieal. (2) It provides the instme- 
tions for building every protein in the body. For 
the most part, RNA is loeated outside the nucleus 
and ean be eonsidered the a molecular slave” of 
DNA; that is, RNA earries out the orders for pro- 
tein synthesis issued by DNA. 

Although both RNA and DNA are formed by 
the joining together of nucleotides, their final stme- 
tures are different. As shown in Figure 2.21d, DNA 
is a long double ehain of nucleotides. Its bases are 
A, G, T, and C, and its sugar is deoxyribose. Its two 
nucleotide ehains are held together by hydrogen 
bonds between the bases, so that a ladderlike mol- 
ecule is formed. Alternating sugar and phosphate 


molecules form the “uprights,” or baekbones, of 
the ladder, and eaeh “mng” is formed by two 
joined bases (one base pair). Binding of the bases 
is very speeifie: A always binds to T, and G always 
binds to C. Thus, A and T are said to be 
eomplementary bases, as are C and G. A base se- 
quence of ATGA on one nucleotide ehain would 
neeessarily be bonded to the eomplementary base 
sequence TACT on the other nucleotide strand. 
The whole molecule is then eoiled into a spiral- 
stairease-like structure ealled a donble helix. 

Whereas DNA is double-stranded, RNA mole- 
cules are single nucleotide strands. The RNA 
bases are A, G, C, and IJ (U replaees the T found 
in DNA), and its sugar is ribose instead of de- 
oxyribose. Three major varieties of RNA exist— 
messenger, ribosomal, and transfer RNA —and 
eaeh has a speeifie role to play in earrying out 
DNA’s instmetions for building proteins. Messenger 
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RNA earries the information for building the pro- 
tein from the DNA genes to the ribosomes, the 
protein-synthesizing sites. Transfer RNA ferries 
amino aeids to the ribosomes. Ribosomal RNA 
forms part of the ribosomes, where it oversees 
the translation of the message and the binding 
together of amino aeids to form the proteins. 
We deseribe protein synthesis in greater detail 
in ehapter 3. 



(a)Chemical work. ATP provides the 
energy needed to drive 
energy-absorbing ehemieal 
reaetions. 


Adenosine Triphosphate (ATP) 

The synthesis of adenosine triphosphate (ah- 
den'o-sén tri-fos'fàt), or ATP, is all-important be- 
cause it provides a form of ehemieal energy that 
all body eells ean use. Without ATP, molecules 
eannot be made or broken down, eells eannot 
maintain their boundaries, and all life proeesses 
grind to a halt. 

Although glucose is the most important fuel 
for body eells, none of the ehemieal energy eon- 
tained in its bonds ean be used direetly to power 
cellular work. Instead, energy is released as glu- 
eose is eatabolized, and it is captured and stored 
in the bonds of ATP molecules as small paekets 
of energy. 

Structurally, ATP is a modified nucleotide; it 
eonsists of an adenine base, ribose sugar, and 
three phosphate groups (Figure 2.22a). The 
phosphate groups are attaehed by unique ehemi- 
eal bonds ealled high-energy phosphate honds. 
When these bonds are broken by hydrolysis, en- 
ergy is liberated and ean be used immediately by 
the eell to do work or power a particular aetiv- 
ity—such as synthesizing proteins, transporting 
substances aeross its membrane, or, in the ease of 
muscle eells, eontraeting (Figure 2.23c). ATP ean 
be eompared to a tightly eoiled spring that is 
ready to uncoil with tremendous energy when 
the “eateh” is released. The consequence of 
breaking its terminal phosphate bond ean be rep- 
resented as follows: 

ATP ADP + ® + E 

(adenosine (adenosine (inorganie (energy) 
triphosphate) diphosphate) phosphate) 

As ATP is used to provide cellular energy, 
adenosine diphosphate (ADP) accumulates (see 
Figure 2.22), and ATP supplies are replenished by 
oxidation of food fuels. Essentially the same 
amount of energy must be captured and used to 
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(b)Transport work. ATP drives the 
transport of eertain solutes (amino 
aeids, for example) aeross eell 
membranes. 




Relaxed smooth Contracted smooth 
muscle eell muscle eell 


ADP 




(e)Meehanieal work. ATP aetivates 
eontraetile proteins in muscle eells 
so that the eells ean shorten and 
perform meehanieal work. 

Figiire 2.23 Three examples of how ATP drives 
cellular work. The high-energy bonds of ATP release 
energy for use by the eell when they are broken. ATP 
is regenerated (phosphate is bound to ADP) as energy 
is released by the oxidation of food fuels and captured 
in the ADP-@bond. 


reattaeh a phosphate group to ADP (that is, to re- 
verse the reaetion) as is liberated when the termi- 
nal phosphate is removed from ATP. 

DID YOU GET IT*P 

26. How do DNA and RNA differ from eaeh other in the 
kinds of bases and sugars they eontain? 

27. What is the vital importanee of ATP to body eells? 

For answers, see Appendix D. 
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Summan/ 

Aeeess more revievv material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included belovv. 

iP = interaetive Physiology 

Concepts of Matter and Energy (pp. 25-27) 

1. Matter 

a. Matter is anything that occupies spaee and has 
mass. 

b. Matter exists in three states: gaseous, liquid, and 
solid. 

2. Energy 

a. Energy is the eapaeity to do work or to move 
matter. Energy has kinetie (aetive) and potential 
(stored) work eapaeities. 

b. Energy forms that are important in body func- 
tion include ehemieal, eleetrieal, meehanieal, 
and radiant. 

e. Energy forms ean be eonverted from one form 
to another, but some energy is always unusable 
(lost as heat) in such transformations. 

eomposition of Matter (pp. 27-31) 

1. Elements and atoms 

a. Eaeh element is a unique substance that eannot 
be deeomposed into simpler substances by ordi- 
nary ehemieal methods. A total of 112 (to 118) 
elements exist; they differ from one another in 
their ehemieal and physieal properties. 

b. Four elements (earbon, hydrogen, oxygen, and 
nitrogen) make up 96 pereent of living matter. 
Several other elements are present in small or 
traee amounts. 

e. The building bloeks of elements are atoms. Eaeh 
atom is designated by an atomie symbol eonsist- 
ing of one or two letters. 

2. Atomie structure 

a. Atoms are eomposed of three subatomic parti- 
eles: protons, eleetrons, and neutrons. Because 
all atoms are eleetrieally neutral, the number of 
protons in any atom is equal to its number of 
eleetrons. 

b. The planetary model of the atom portrays all the 
mass of the atom (protons and neutrons) eon- 


eentrated in a minute eentral nucleus. Eleetrons 
orbit the nucleus along speeifie orbits. The or- 
bital model also loeates protons and neutrons in 
a eentral nucleus, but it depiets eleetrons as oe- 
cupying areas of spaee ealled orbitals and form- 
ing an eleetron cloud of negative eharge around 
the nucleus. 

e. Eaeh atom ean be identified by an atomie num- 
ber, which is equal to the number of protons 
eontained in the atom’s nucleus. 

d. The atomie mass number is equal to the sum of 
the protons and neutrons in the atom’s nucleus. 

e. Isotopes are different atomie forms of the same 
element; they differ only in the number of neu- 
trons in the nucleus. Many of the heavier iso- 
topes are unstable and deeompose to a more 
stable form by ejeeting partieles or energy from 
the nucleus, a phenomenon ealled radioaetivity. 
Such radioisotopes are useful in medieal diagno- 
sis and treatment and in bioehemieal researeh. 

f. The atomie weight is approximately equal to the 
mass number of the most abundant isotope of 
any element. 

Molecules and Compounds (pp. 31-33) 

1. A molecule is the smallest unit resulting from the 

binding of two or more atoms. If the atoms are dif- 

ferent, a molecule of a compound is formed. 

2. Compounds exhibit properties different from those 

of the atoms they eomprise. 

Chemical Bonds and Chemical Reaetions 

(pp. 33-39) 

1. Bond formation 

a. ehemieal bonds are energy relationships. 
Eleetrons in the outermost energy level (valenee 
shell) of the reaeting atoms are aetive in the 
bonding. 

b. Atoms with a full valenee shell (2 eleetrons in 
shell 1, or 8 in the subsequent shells) are ehemi- 
eally inaetive. Those with an ineomplete valenee 
shell interaet by losing, gaining, or sharing elee- 
trons to aehieve stability (that is, to fill the va- 
lenee shell). 

e. Ions are formed when valenee-shell eleetrons 
are eompletely transferred from one atom to an- 
other. The oppositely eharged ions thus formed 
attraet eaeh other, forming an ionie bond. Ionie 
bonds are eommon in salts. 
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d. Covalent bonds involve the sharing of eleetron 
pairs between atoms. If the eleetrons are shared 
equally, the molecule is a nonpolar eovalent 
molecule. If the eleetrons are not shared equally, 
the molecule is a polar eovalent molecule. Polar 
molecules orient themselves toward eharged 
partieles and other molecules. 

e. Hydrogen bonds are fragile bonds that bind to- 
gether water molecules or different parts of the 
same molecule (intramolecular bonds). They are 
eommon in large, complex organie molecules, 
such as proteins and nucleic aeids. 

2. Patterns of ehemieal reaetions 

a. ehemieal reaetions involve the formation or 
breaking of ehemieal bonds. They are indieated 
by a ehemieal equation, which provides infor- 
mation about the atomie eomposition (formula) 
of the reaetant(s) and product(s). 

b. ehemieal reaetions that result in larger, more 
complex molecules are synthesis reaetions; they 
involve bond formation. 

e. In deeomposition reaetions, larger molecules are 
broken down into simpler molecules or atoms. 
Bonds are broken. 

d. Exchange reaetions involve both the making and 
breaking of bonds. Atoms are replaeed by other 
atoms. 

e. Regardless of the type of reaetion, most ehemi- 
eal reaetions are reversible. Reversibility is indi- 
eated by a double arrow. 

3. Faetors inereasing the rate of ehemieal reaetions 

a. For atoms to interaet ehemieally, they must eol- 
lide forcefully. 

b. Faetors that affeet the number or foree of eolli- 
sions include the temperature, eoneentration of 
the reaetants, partiele size, and eatalysts. 

Bioehemistry: The Chemical Composition of 
Living Matter (pp. 39-57) 

1. Inorganie compounds 

a. Inorganie compounds making up living matter 
do not eontain earbon (exceptions include C0 2 
and CO). They include water, salts, and some 
aeids and bases. 

b. Water is the single most abundant compound in 
the body. It aets as a universal solvent in which 
eleetrolytes (salts, aeids, and bases) ionize and 
in which ehemieal reaetions occur, and it is the 
basis of transport and lubricating fluids. It slowly 
absorbs and releases heat, thus helping to main- 
tain homeostatie body temperature, and it pro- 


teets eertain body structures (such as the brain) 
by forming a watery cushion. Water is also a re- 
aetant in hydrolysis reaetions. 

e. Salts in ionie form are involved in nerve trans- 
mission, muscle eontraetion, blood elotting, 
transport of oxygen by hemoglobin, metabolism, 
and many other reaetions. Additionally, calcium 
salts (as bone salts) contribute to bone hardness. 

d. Aeids are proton donors. When dissolved in water, 
they release hydrogen ions. Strong aeids dissoeiate 
eompletely; weak aeids dissoeiate ineompletely. 

e. Bases are proton aeeeptors. The most important 
inorganie bases are hydroxides. Biearbonate 
ions are important bases in the body. When 
bases and aeids interaet, neutralization occurs— 
that is, a salt and water are formed. 

f. The relative eoneentrations of hydrogen and hy- 
droxyl ions in various body fluids is measured 
using a pH seale. Eaeh ehange of one pH unit 
represents a tenfold ehange in hydrogen ion 
eoneentration. A pH of 7 is neutral (that is, the 
eoneentrations of hydrogen and hydroxyl ions 
are equal). A pH below 7 is aeidie; a pH above 7 
is alkaline (basie). 

g. Normal blood pH ranges from 7.33 to 7.45. 
Slight deviations outside this range ean be fatal. 

2. Organie compounds 

a. Organie compounds are the earbon-eontaining 
compounds that eomprise living matter. 
Carbohydrates, lipids, proteins, and nucleic aeids 
are examples. They all eontain earbon, oxygen, 
and hydrogen. Proteins and nucleic aeids also 
eontain substantial amounts of nitrogen. 

b. Carbohydrates eontain earbon, hydrogen, and 
oxygen in the general relationship of 2 hydrogen 
atoms to 1 oxygen atom and 1 earbon atom. 
Their building bloeks are monosaeeharides. 
Monosaeeharides include glucose, fmetose, galae- 
tose, deoxyribose, and ribose. Disaeeharides include 
siierose, maltose, and laetose; and polysaeeharides 
include stareh and glyeogen. Carbohydrates are in- 
gested as sugars and starehes. Carbohydrates, and in 
particular glucose, are the major energy soiiree for 
the formation of ATP. 

e. Lipids inekide triglyeerides (glyeerol plus three 
fatty aeid ehains), phospholipids, and steroids 
(the most important of which is eholesterol). 
Triglyeerides (neutral fats) are found primarily in 
fatty tissue, where they provide insulation and 
reserve body fuel. Phospholipids and eholesterol 
are found in all eell membranes. eholesterol also 
forms the basis of eertain hormones, bile salts, 
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and vitamin D. Like earbohydrates, the lipids are 
degraded by hydrolysis and synthesized by de- 
hydration synthesis. 

d. Proteins are eonstmeted from building bloeks 
ealled amino aeids; 20 eommon types of amino 
aeids are found in the body. 

e. Levels of protein stmcture include the amino aeid 
ehain (1°), the alpha helix and beta-pleated sheet 
(2°), a ball-like structure superimposed on 2° stme- 
ture(s) (3°), and a globular stmcture formed by 
two or more polypeptide ehains (4°). Amino aeid 
sequence determines the proteins eonstmeted. 

f. Fibrous, or structural, proteins are the basie 
structural materials of the body. Globular 
proteins are also ealled functional proteins; 
examples of these include enzymes, some 
hormones, and hemoglobin. Dismption of the 
hydrogen bonds of functional proteins leads to 
their denaturation and inaetivation. 

g. Enzymes inerease the rates of ehemieal reaetions 
by eombining speeifieally with the reaetants and 
holding them in the proper position to interaet. 
They do not beeome part of the product. Many 
enzymes are produced in an inaetive form or are 
inaetivated immediately after use. 

h. Nucleic aeids include deoxyribonucleic aeid 
(DNA) and ribonucleic aeid (RNA). The building 
unit of nucleic aeids is the nucleotide; eaeh nu- 
eleotide eonsists of a nitrogen-eontaining base, a 
sugar (ribose or deoxyribose), and a phosphate 
group. DNA (the a stuff” of the genes) maintains 
genetie heritage by replieating itself before eell 
division and speeifying protein structure. RNA 
aets in protein synthesis to ensure that instme- 
tions of the DNA are executed. 

i. ATP (adenosine triphosphate) is the universal 
energy compound used by all eells of the body. 
When energy is liberated by the oxidation of 
glucose, some of that energy is captured in the 
high-energy phosphate bonds of ATP molecules 
and is stored for later use. 

Review Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. Which of the following is (are) tme eoneerning the 

atomie nucleus? 

a. Contains the mass of the atom. 

b. The negatively eharged partieles are here. 

e. Partieles ean be ejeeted. 


d. Contains partieles that determine atomie number. 

e. Contains partieles that interaet with other atoms. 

2. Piek out the eorreet mateh(es) of element and num- 
ber of valenee-shell eleetrons. 

a. Oxygen—6 d. Nitrogen—3 

b. ehlorine—8 e. Carbon—4 

e. Phosphoms—3 

3. Important functions of water include which of the 
following? 

a. Provides cushioning 

b. Aets as a transport medium 

e. Partieipates in ehemieal reaetions 

d. Aets as a solvent for sugars, salts, and other solutes 

e. Reduces temperature fluctuations 

4. Alkaline substances include 

a. gastrie juice d. lemon juice 

b. water e. ammonia 

e. blood 

3. Glucose is to stareh as 

a. a steroid is to a lipid. 

b. a nucleotide is to a nucleic aeid. 
e. an amino aeid is to a protein. 

d. a polypeptide is to an amino aeid. 

6. What lipid type is stored in fat deposits beneath the 
skin? 

a. Triglyeeride d. Phospholipid 

b. Steroid e. Prostaglandin 

e. Vitamin D 

7. Absenee of which of the following nitrogen- 
eontaining bases would prevent protein synthesis? 

a. Adenine d. Thymine 

b. Cytosine e. LJraeil 

e. Guanine 

8. ATP is not assoeiated with 

a. a basie nucleotide structure. 

b. high-energy phosphate bonds. 
e. deoxyribose. 

d. inorganie phosphate. 

e. reversible reaetions. 

9. The element essential for normal thyroid function is 

a. iodine. d. selenium. 

b. iron. e. zine. 

e. eopper. 
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10. Faetors that inerease the speed of ehemieal reae- 
tions include 

a. inereasing the temperature. 

b. inereasing the partiele size. 

e. inereasing the eoneentration of the reaetants. 

d. eatalysts. 

Short Answer Essay 

11. Why is a study of basie ehemistry essential to un- 
derstanding human physiology? 

12. Matter occupies spaee and has mass. Explain how 
energy must be deseribed in terms of these two fae- 
tors. Then define energy. 

13- Explain the relationship between kinetie and po- 
tential energy. 

14. Identify the energy form in use in eaeh of the fol- 
lowing examples: 

a. Chewing food 

b. Vision (two types, please—think!) 

e. Bending the fingers to make a fist 

d. Breaking the bonds of ATP molecules to ener- 
gize your muscle eells to make that fist 

13. Aeeording to Greek history, a Greek seientist went 
mnning through the streets announcing that he had 
transformed lead into gold. Both lead and gold are 
elements. On the basis of what you know about 
the nature of elements, explain why his rejoieing 
was short-lived. 

16. Name and provide the atomie symbols of the four 
elements that make up the bulk of all living matter. 
Which of these is found primarily in proteins and 
nucleic aeids? 

17. All atoms are neutral. Explain the basis of this faet. 

18. Fill in the following table to fully deseribe an 
atom’s subatomic partieles. 

Position in 

Partiele the atom eharge Mass 

Proton 

Neutron 

Eleetron 

19. Define radioaetivity . If an element has three iso- 
topes, which of them (the lightest, the one with an 
intermediate mass, or the heaviest) is most likely to 
be a radioisotope, and why? 

20. Define molecule. 

21. Explain the basis of ionie bonding. 


22. What are the hydrogen bonds, and how are they 
important in the body? 

23. The two oxygen atoms forming molecules of oxygen 
gas that you breathe are joined by a polar eovalent 
bond. Explain why this statement is tme or false. 

24. Oxygen and argon are both gases. Oxygen eom- 
bines readily with other elements, but argon does 
not. What accounts for this differenee? 

23. Identify eaeh of the following reaetions as a synthe- 
sis, deeomposition, or exchange reaetion: 

2Hg + 0 2 2HgO 
Fe 2+ + CuS0 4 —> FeS0 4 + Cu 2+ 

HC1 + NaOH NaCl + H 2 0 

HN0 3 -> H + + N0 3 

26. Distinguish between inorganie and organie eom- 
pounds, and list the major eategories of eaeh in the 
body. 

27. Salts, aeids, and bases are eleetrolytes. What is an 
eleetrolyte? 

28. Define pH. The pH range of blood is from 7.35 to 
7.45. Circle the eorreet answer to eomplete the sen- 
tenee: This is slightly ( aeidie / basie ). 

29. A pH of 3-3 is (1 / 10 / 100 / 1000) times more 
aeidie than a pH of 4.3. 

30. Define monosaeeharide, disaeeharide, and polysae- 
eharide. Give at least two examples of eaeh. What 
is the primary function of earbohydrates in the 
body? 

31. What are the general structures of neutral fats, phos- 
pholipids, and steroids? Give one or two important 
uses of eaeh of these lipid types in the body. 

32. The building bloek of proteins is the amino aeid. 
Draw a diagram of the structure of a generalized 
amino aeid. What is the importanee of the R-group? 

33. Name the two protein elasses based on structure 
and function in the body, and give two examples 
of eaeh. 

34. Define enzyme, and deseribe enzyme aetion. 

35. Virtually no ehemieal reaetion ean occur in the 
body in the absenee of enzymes. How might exces- 
sively high body temperature interfere with en- 
zyme aetivity? 

36. What is the structural unit of nucleic aeids? Name 
the two major elasses of nucleic aeid found in the 
body, and then eompare and eontrast them in 
terms of (a) general three-dimensional structure, 
and (b) relative functions. 
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37. What is ATP’s eentral role in the body? 

38. Explain why you ean “staek” water slightly above 
the rim of a glass if you pour the water in very 
carefully. 

39. Water is a precious natural resource in Florida, and 
it is said that supplies are dwindling. Desalinization 
(salt removal) of oeean water has been reeom- 
mended as a solution to the problem. Why shouldn’t 
we drink salt water? 

Critical Thinking and 

dinieal Applieation 
Questions 

40. A number of antibioties aet by binding to eertain 
essential enzymes in the target baeteria. How might 
these antibioties influence the ehemieal reaetion 
eontrolled by the enzyme? What might be the effeet 
on the baeteria? On the person taking the antibiotie 
preseription? 


41. Mrs. Roberts, who is in a diabetie eoma, has just 
been admitted to Noble Hospital. Her blood pH in- 
dieates that she is in severe aeidosis (blood pH is in 
the aeid range), and the medieal staff quickly insti- 
tute measures to bring her blood pH baek within 
normal limits. Note the normal pH of blood, and 
discuss why severe aeidosis is a problem. 

42. Evelyn is quite proud of her slender, model-like fig- 
ure and boasts that she doesn’t have an a ounce of 
excess body fat.” Barbara, on the other hand, is 
grossly ovenveight. She eomplains of feeling hot 
most of the time, and on a hot day she is miserable. 
Evelyn generally feels ehilled except on very hot 
days. Explain the relative sensitivity to environmen- 
tal temperature of these two women on the basis of 
information you have been given in the Organie 
Compounds seetion of this ehapter. 

43. Pediatrieians beeome eoneerned about the poten- 
tial for brain damage when an infant’s temperature 
approaehes 103°F. Which elass of organie mole- 
cules is most likely to be damaged by high temper- 
ature? Explain why. 






/ 



FHNlTION prei/ieiá/ 

Cells earry out all the ehemieal aetivities needed to sustain life. 
Tissues provide for a division of labor among body eells. 


PARTI:(ELLS 

Just as brieks and timbers are used to build a 
house, eells are the structural units of all living 
things, from one-eelled “generalists” like amoebas 
to complex multicellular organisms such as humans, 
dogs, and trees. The human body has 50 to 100 
trillion of these tiny building bloeks. 

In this ehapter we focus on structures and func- 
tions shared by all eells. We eonsider speeialized 
eells and their unique functions in later ehapters. 

Overview of the 
Cellular Basis of Life 

Name two of the four eoneepts of the eell theory. 

List four elements that make up the bulk of living matter. 


In the late lóOOs, Robert Hooke was looking 
through a emde mieroseope at some plant tissue— 
eork. He saw some cubelike structures that 
reminded him of the long rows of monk’s rooms 
(or eells) at the monastery, so he named these 
structures eells. The living eells that had formed 
the eork were long sinee dead; only the plant eell 
walls remained. However, the name stuck and is 
still used to deseribe the smallest unit, or the 
building bloek, of all living things, plants and ani- 
mals alike. Whatever its form, however it behaves, 
the eell eontains all the parts neeessary to srnvive 
in a ehanging world. 

Sinee the late 1800s, eell researeh has been ex- 
eeptionally fruitful and provided us with four eon- 
eepts eolleetively known as the eell theory: 
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1. A eell is the basie structural and functional unit 
of living organisms. So when you define eell 
properties you are in faet defining the proper- 
ties of life. 

2 . The aetivity of an organism depends on the 
eolleetive aetivities of its eells. 

3. Aeeording to the prineiple of eomplementarity , 
the bioehemieal aetivities of eells are dietated 
by the relative number of their speeifie subcel- 
lular structures. 

4. Continuity of life has a cellular basis. 

We will expand on all of these eoneepts as we 
go along. Let’s begin with the idea that the eell is 
the smallest living unit. 

Perhaps the most striking thing about a eell is 
its organization. If we ehemieally analyze eells, 
we find that they are made up primarily of 
four elements—earbon, oxygen, hydrogen, and 
nitrogen—plus much smaller amounts of several 
other elements. (A detailed account of body ehem- 
istry appears in ehapter 2.) 

Strange as it may seem, espeeially when we 
feel our firm muscles, living eells are about 60 
pereent water, which is one of the reasons water is 
essential for life. In addition to eontaining large 
amounts of water, all the body eells are eonstantly 
bathed in a dilute saltwater solution (something 
like seawater) ealled interstitialfluid, which is de- 
rived from the blood. All exchanges between eells 
and blood are made through this fluid. 


DID YOU GET IT 



1 . How do Hooke’s “eells” differ from the current 
meaning of eell? 

2 . Aeeording to the eell theory, what the organism ean 

do depends on_. (Fill in the blank.) 

For answers, see Appendix D. 


Anatomy of a 
Generalized Cell 

,x Define generalized eell. 

Identify on a eell model or diagram the three major eell 
regions (nucleus, eytoplasm, and plasma membrane). 

,X List the structures of the nucleus, and explain the 
function of ehromatin and nucleoli. 

Although no one eell type is exactly like all others, 
eells do have the same basie parts, and there are 


eertain functions eommon to all eells. Here we 
will talk about the generalized eell, which 
demonstrates these many typieal features. 

In general, all eells have three main regions 
or parts—a nucleus (nu'kle-us), eytoplasm (si'to- 
plazm"), and a plasma membrane (Figure 3.1a). The 
nucleus is usually loeated near the eenter of the eell. 
It is surrounded by the semiflmd eytoplasm, which in 
turn is enelosed by the plasma membrane, which 
forms the outer eell boundary. (Figure 3.4 on p. 69 
shows the more detailed stmcture of the generalized 
eell as revealed by the eleetron mieroseope.) 

The Nucleus 

Anything that works, works best when it is eon- 
trolled. For eells, a headquarters,” or the eontrol 
eenter, is the gene-eontaining nucleus ( nucle = 
kernal). The genetie material, or deoxyribonucleic 
aeid (DNA), is much like a blueprint that eontains 
all the instmetions needed for building the whole 
body; so, as you might expect, human DNA differs 
from frog DNA. More speeifieally, DNA has the in- 
stmetions for building proteins. DNA is also ab- 
solutely neeessary for eell reproduction. A eell that 
has lost or ejeeted its nucleus (for whatever rea- 
son) is programmed only to die. 

Although it is most often oval or spherieal, the 
shape of the nucleus usually eonforms to the shape 
of the eell. For example, if the eell is elongated, the 
nucleus is usually elongated as well. The nucleus 
has three reeognizable regions or stmctures: the 
nuclear envelope, nucleoli, and ehromatin. 

Nuclear Envelope 

The nucleus is bounded by a double membrane 
barrier ealled the nuclear envelope, or nuclear 

membrane (see Figure 3.1b). Between the two 
membranes is a fluid-filled “moat,” or spaee. At vari- 
ous points, the two layers of the nuclear envelope 
fuse, and nuclear pores penetrate through the 
fused regions. Like other cellular membranes, the 
nuclear envelope allows some but not all substances 
to pass through it, but substances pass through it 
much more freely than elsewhere because of its rel- 
atively large pores. The nuclear membrane eneloses 
a jellylike fluid ealled nucleoplasm (nu' kle-o-plazm") 
in which other nuclear elements are suspended. 

Nucleoli 

The nucleus eontains one or more small, dark- 
staining, essentially round bodies ealled nucleoli 
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(b) 

Figure 3.1 Anatomy of the generalized animal eell nucleus. 

(a) Orientation diagram: The three main regions of the generalized eell. 

(b) Structure of the nucleus. 


(nu-kle'o-li; “little nuclei”). Nucleoli are sites 
where ribosomes are assembled. Most ribosomes 
eventually migrate into the eytoplasm where they 
serve as the actual sites of protein synthesis. 

ehromatin 


The Plasma Membrane 

Deseribe the ehemieal eomposition of the plasma 
membrane and relate it to membrane functions. 

Oompare the structure and function of tight junctions, 
desmosomes, and gap junctions. 


When a eell is not dividing, its DNA is eombined 
with protein and forms a loose network of bumpy 
threads ealled ehromatin (kro' mah-tin) that is 
seattered throughout the nucleus. When a eell is 
dividing to form two daughter eells, the ehromatin 
threads eoil and eondense to form dense, rodlike 
bodies ealled ehromosomes —much the way a 
stretehed spring beeomes shorter and thieker 
when allowed to relax. We discuss the functions of 
DNA and the events of eell division in the Cell 
Physiology seetion beginning on p. 75. 

DID YOU GET IT? 

3. Name the three basie parts of a eell and give the 
loeation of eaeh. 

4. How would you explain the meaning of a “generalized 
eell” to a elassmate? 

5. What is the general function of nucleoli? 

For ansvvers, see Appendix D. 


The flexible plasma membrane is a fragile, trans- 
parent barrier that eontains the eell eontents and 
separates them from the surrounding environment. 
(The term eell membrane is often used instead, but 
because nearly all cellular organelles are eomposed 
of membranes, we will speeifieally refer to the 
eell’s surface or outer limiting membrane as the 
plasma membrane.) Although the plasma mem- 
brane is important in defining the limits of the eell, 
it is much more than a passive envelope, or “bag- 
gie.” As you will see, its unique structure allows it 
to play a dynamie role in many cellular aetivities. 

The Fluid Mosaie Model 

The structure of the plasma membrane eonsists of 
two lipid (fat) layers arranged “tail to tail” in which 
protein molecules float (Figure 3.2). The proteins, 
some of which are free to move, form a eonstantly 
ehanging pattern or mosaie, henee the name of the 
model that deseribes the plasma membrane. Most 
of the lipid portion is phospholipids (some with 
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Some proteins float freely in the lipid phase of the membrane whereas others are 
anehored in speeifie loeations. What could serve as anehoring structures in the 
latter ease? 



Polar heads of 

phospholipid 

moleeiiles 


Bimoleeiilar 
lipid layer 
eontaining 
proteins 


Nonpolar tails of 

phospholipid 

molecules 


Extracellular fluid 
(vvatery environment) 


Glyeoprotein Glyeolipid g 


eholesterol 


Sugar group 








Proteins 


Filaments of 
eytoskeleton 


Channel 


Cytoplasm 
(watery environment) 


Figure 3.2 Structure of the plasma membrane. 


attaehed sugar groups), but a substantial amount of 
eholesterol is found in plasma membranes too. 

The olive oil-like lipid bilayer forms the basie 
“fabrie” of the membrane. The polar “heads” of 
the lollipop-shaped phospholipid molecules are 
hydrophilie (“water loving”) and are attraeted to 
water, the main eomponent of both the intracellu- 
lar and extracellular fluids, and so they lie on both 
the inner and outer surfaces of the membrane. 
Their nonpolar “tails,” being hydrophobie (“wa- 
ter hating”), avoid water, and line up in the eenter 
of the membrane. The self-orienting property of 
the phospholipids allows biologieal membranes to 
reseal themselves quickly when torn. The hy- 
drophobie makeup of the membrane interior 
makes the plasma membrane relatively imperme- 
able to most water-soluble molecules. The eholes- 
terol helps keep the membrane fluid. 

The proteins seattered in the lipid bilayer are 
responsible for most of the speeialized functions 
of the membrane. Some proteins are enzymes. 
Many of the proteins protmding from the eell 
exterior are reeeptors for hormones or other 

'SLiiaiojd 
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ehemieal messengers or are binding sites for an- 
ehoring the eell to fibers or to other structures in- 
side or outside the eell. Most proteins that span 
the membrane are involved in transport. For ex- 
ample, some cluster together to form protein 
ehannels (tiny pores ) through which water and 
small water-soluble molecules or ions ean move; 
others aet as earriers that bind to a substance and 
move it through the membrane. Branehing sugar 
groups are attaehed to most of the proteins abut- 
ting the extracellular spaee. Such “sugar-proteins” 
are ealled glyeoproteins, and because of their pres- 
enee, the eell surface is a fuzzy, stieky, sugar-rich 
area ealled the glycocalyx (gli-eo-ka'liks). (You 
ean think of your eells as being sugar-coated.) 
Among other things, these glyeoproteins deter- 
mine your blood type, aet as reeeptors that eer- 
tain baeteria, vimses, or toxins ean bind to, and 
play a role in eell-to-eell reeognition and inter- 
aetions. Definite ehanges in glyeoproteins occur 
in eells that are being transformed into eaneer 
eells. (We discuss eaneer in “A Closer Look” on 

pp. 102-103.) 
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Membrane Junctions 

Although eertain eell types—blood eells, sperm 
eells, and some phagoeytie eells (which ingest 
baeteria and foreign debris)—are “footloose” in 
the body, many other types, particularly epithelial 
eells, are knit into tight communities. Typieally, 
eells are bound together in three ways: 

1. Glyeoproteins in the glycocalyx aet as an ad- 
hesive or cellular glue. 

2. Wavy contours of the membranes of adjaeent 
eells fit together in a tongue-and-groove fashion. 

3. Speeial membrane junctions are formed (Figure 
3.3). These junctions vary structurally depend- 
ing on their roles. 

Because this last faetor is the most important, 
let us look more elosely at the various types of 
junctions. 

• Tight junctions are impermeable junctions 
that bind eells together into leakproof sheets 
that prevent substances from passing through 
the extracellular spaee between eells. In tight 
junctions, adjaeent plasma membranes fuse 
together tightly like a zipper. In the small intes- 
tine, for example, these junctions prevent 
digestive enzymes from seeping into the blood- 
stream. 

• Desmosomes (des'mo-sómz) are anehoring 
junctions seattered like rivets along the sides 
of abutting eells. They prevent eells subjected 
to meehanieal stress (such as skin eells) from 
being pulled apart. Structurally, these junc- 
tions are buttonlike thiekenings of adjaeent 
plasma membranes (plaques), which are eon- 
neeted by fine protein filaments. Thieker pro- 
tein filaments extend from the plaques inside 
the eells to the plaques on the eells’ opposite 
sides, thus forming an internal system of 
strong “guy wires.” 

• Gap junctions, eommonly seen in the heart 
and between embryonie eells, hanetion mainly 
to allow communication. In gap junctions, the 
neighboring eells are eonneeted by hollow eylin- 
ders eomposed of proteins (ealled connexons) 
that span the entire width of the abutting 
membranes. ehemieal molecules, such as nu- 
trients or ions, ean pass direetly through the 
water-filled connexon ehannels from one eell 
to another. 
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llnderlying Extracellular Gap 
basement spaee betvveen (communicating) 
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Figure 3-3 Cell junctions. An epithelial eell is 
shown joined to adjaeent eells by the three eommon 
types of eell junctions: tight junctions, desmosomes, 
and gap junctions. Also illustrated are mierovilli, which 
inerease the eell’s surface area for absorption (seen 
projeeting from the free eell surface). 


DID YOU GET IT 



6 . Why do phospholipids (which form the bulk of eell 
membranes) organize into a bilayer, tail to tail, in a 
watery environment? 

7. The external faees of some membrane proteins have 
sugar groups attaehed to them. What are three roles 
these sugar-coated proteins play in the life of a eell? 

8 . What is the speeial function of gap junctions? Of tight 
junctions? 

For answers, see Appendix D. 


The Cytoplasm 

Identify the organelles on a eell model or deseribe 
them, and indieate the major function of eaeh. 

The eytoplasm is the cellular material outside the 
nucleus and inside the plasma membrane. It is 
the site of most cellular aetivities, so you might 
think of the eytoplasm as the “faetory area” of the 
eell. Although early seientists believed that the 
eytoplasm was a structureless gel, the eleetron 
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mieroseope has revealed that it has three major 
elements: the eytosol, organelles, and inclusions. 
The eytosol is semitransparent fliiid that suspends 
the other elements. Dissolved in the eytosol, 
which is largely water, are nutrients and a variety 
of other solutes (dissolved substances). 

The organelles (or"gah-nelz'), deseribed in 

detail shortly, are the metabolie maehinery of the 
eell. Eaeh type of organelle is speeialized to earry 
out a speeifie function for the eell as a whole. 
Some synthesize proteins, others paekage those 
proteins, and so on. 

Inclusions are ehemieal substances that may 
or may not be present, depending on the speeifie 
eell type. Most inclusions are stored nutrients or 
eell products. They include the lipid droplets eom- 
mon in fat eells, glyeogen granules abundant in 
liver and muscle eells, pigments such as melanin 
in skin and hair eells, mucus and other seeretory 
products, and various kinds of erystals. 

Cytoplasmic Organelles 

The eytoplasmie organelles, literally “little organs,” 
are speeialized cellular eompartments (Figure 3.4), 
eaeh performing its own job to maintain the life of 
the eell. Many organelles are bounded by a mem- 
brane similar to the plasma membrane. These 
membrane boundaries allow organelles to maintain 
an internal environment quite different from that of 
the surrounding eytosol. This eompartmentalization 
is emeial to their ability to perform their speeialized 
functions for the eell. Let us eonsider what goes on 
in eaeh of these workshops of our cellular faetory. 

Mitoehondría Mitoehondria (mi'' to-kon' dre-ah) 
are usually depieted as tiny, lozenge-like or sausage- 
shaped organelles (see Figure 3.4), but in living 
eells they squirm, lengthen, and ehange shape 
almost continuously. The mitoehondrial wall eon- 
sists of a double membrane, equal to two plasma 
membranes, plaeed side by side. The outer mem- 
brane is smooth and featureless, but the inner 
membrane has shelflike protmsions ealled eristae 
(kris'te; “erests”). Enzymes dissolved in the fluid 
within the mitoehondria, as well as enzymes that 
form part of the eristae membranes, earry out the 
reaetions in which oxygen is used to break down 
foods. As the foods are broken down, energy is 
released. Much of this energy eseapes as heat, but 
some is captured and used to form ATP moleenles. 
ATP provides the energy for all cellular work, and 


every living eell requires a eonstant supply of ATP 
for its many aetivities. Because the mitoehondria 
supply most of this ATP, they are the “powerhouses” 
of the eell. 

Metabolieally a busy” eells, like liver and 
muscle eells, use huge amounts of ATP and have 
hundreds of mitoehondria. By eontrast, eells that 
are relatively inaetive (an unfertilized egg, for in- 
stanee) have just a few. 

Ribosomes Ribosomes (ri'bo-sòmz) are tiny, 
bilobed, dark bodies made of proteins and one va- 
riety of RNA ealled ribosomal RNA. Ribosomes are 
the actual sites of protein synthesis in the eell. 
Some ribosomes float free in the eytoplasm, where 
they manufacture proteins that function in the ey- 
toplasm. Others attaeh to membranes, and the 
whole ribosome-membrane eombination is ealled 
the rough endoplasmie reticulum. 

Endoplasmie Reticulum The endoplasmie retie- 

ulum (en"do-plas'mik ré-tik'u-lum; a network 
within the eytoplasm”) (ER) is a system of fluid- 
filled eisterns (tubules, or eanals) that eoil and twist 
through the eytoplasm. It accounts for about half 
of a eell’s membranes. It serves as a minicirculatory 
system for the eell because it provides a network 
of ehannels for earrying substances (primarily pro- 
teins) from one part of the eell to another. There 
are two forms of ER (see Figure 3.4); a particular 
eell may have both forms or only one, depending 
on its speeifie flanetions. 

The rough ER is so ealled because it is stud- 
ded with ribosomes. Because essentially all of the 
building materials of cellular membranes are 
formed either in it or on it, you ean think of the 
rough ER as the eell’s membrane faetory. The pro- 
teins made on its ribosomes migrate into the 
tubules of the rough ER, where they fold into their 
functional three-dimensional shapes and then are 
dispatehed to other areas of the eell in transport 
vesieles (Figure 3.5). Rough ER is espeeially abun- 
dant in eells that make and export proteins—for 
example, panereas eells, which produce digestive 
enzymes to be delivered to the small intestine. 
The enzymes that eatalyze the synthesis of mem- 
brane lipids reside on the external faee of the 
rough ER, where the needed building bloeks are 
readily available. 

Although the smooth ER communicates with 
the rough variety, it plays no role in protein syn- 
thesis. Instead it functions in lipid metabolism 
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Figure 3-4 Structure of the generalized eell. No eell is exactly like this one, but 
this generalized eell dravving illustrates features eommon to many human eells. 


(eholesterol and fat synthesis and breakdown), 
and detoxification of drngs and pestieides. Henee 
it is not surprising that the liver eells are chock-full 
of smooth ER. So too are body eells that produce 
steroid-based hormones—for instanee, eells of the 
male testes that manufacture testosterone. 

Golgi Apparatus The Golgi (gol'je) apparatus 

appears as a staek of flattened membranous saes, 
assoeiated with swarms of tiny vesieles. It is gener- 
ally found elose to the nucleus and is the prineipal 


“traffie direetor” for cellular proteins. Its major 
function is to modify and paekage proteins (sent 
to it by the rough ER via transport vesieles) in spe- 
eifie ways, depending on their final destination 

(Figure 3.6). 

As proteins “tagged” for export accumulate 
in the Golgi apparatus, the saes swell. Then their 
swollen ends, filled with protein, pineh off 
and form seeretory vesieles (ves'ii-kuls), 
which travel to the plasma membrane. When the 
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(T As the protein is synthesized on the ribosome. 
it migrates into the rough ER eistern. 

(2) ln the eistern, the protein folds into its 
functional shape. Short sugar ehains may be 
attaehed to the protein (forming a glyeoprotein). 

(3) The protein is paekaged in a tiny 
membranous sae ealled a transport vesiele. 

0) The transport vesiele buds from the rough ER 
and travels to the Golgi apparatus for further 
proeessing. 


Figure 3.5 Synthesis and export of a protein by the rough ER. 
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igure 3.6 Role of the Golgi apparatus in paekaging the products of the 
rough ER. Protein-eontaining transport vesieles pineh off the rough ER and migrate to 
fuse with the Golgi apparatus. As it passes through the Golgi apparatus, the protein 
product is sorted (and slightly modified). The product is then paekaged within vesieles, 
which leave the Golgi apparatus and head for various destinations (pathways 1-3), 
as shown. 
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vesieles reaeh the plasma membrane, they fuse 
with it, the membrane ruptures, and the eontents 
of the sae are ejeeted to the outside of the eell 
(pathway 1 in Figure 3.6). Mucus is paekaged 
this way, as are digestive enzymes made by pan- 
ereas eells. 

In addition to its paekaging-for-release functions, 
the Golgi apparatus pinehes off saes eontaining 
proteins and phospholipids destined for a “home” 
in the plasma membrane (pathway 2 in Figure 3.6) 
or other cellular membranes. It also paekages 
hydrolytie enzymes into membranous saes ealled 
lysosomes that remain in the eell (pathway 3 in 
Figure 3.6 and discussed next). 

Lysosomes Lysosomes (li'so-sòmz; “breakdown 
bodies”), which appear in different sizes, are 
membranous “bags” eontaining powerful digestive 
enzymes. Because lysosomal enzymes are eapa- 
ble of digesting worn-out or nonusable eell stme- 
tures and most foreign substances that enter the 
eell, lysosomes function as the eell’s demolition 
sites. Lysosomes are espeeially abundant in 
phagoeytes, the eells that dispose of baeteria and 
eell debris. As deseribed above, the enzymes they 
eontain are formed by ribosomes and paekaged 
by the Golgi apparatus. 

HOMEOSTATIC IMBALANCE 

The lysosomal membrane is ordinarily 
quite stable, but it beeomes fragile when the eell is 
injured or deprived of oxygen and when excessive 
amounts of vitamin A are present. When lyso- 
somes rupture, the eell self-digests. ) 

Peroxisomes Peroxisomes (per-ok' sih-sómz) 

are membranous saes eontaining powerful oxi- 
dase (ok'sí-dàz) enzymes that use molecular 
oxygen (0 2 ) to detoxify a number of harmful or 
poisonous substances, including aleohol and 
formaldehyde. However, their most important 
function is to “disarm” dangerous free radieals. 
Free radieals are highly reaetive ehemieals with 
unpaired eleetrons that ean seramble the struc- 
ture of proteins and nucleic aeids. Free radieals 
are normal by-products of cellular metabolism, 
but if allowed to accumulate, they ean have dev- 
astating effeets on eells. Peroxisomes eonvert 
free radieals to hydrogen peroxide (H 2 0 2 ), a 
function indieated in their naming (peroxisomes = 
“peroxide bodies”). The enzyme eatalase (kat'ah- 
làs) then eonverts excess hydrogen peroxide 



to water. Peroxisomes are espeeially numerous 
in liver and kidney eells, which are very aetive in 
detoxification. 

Although peroxisomes look like small lyso- 
somes (see Figure 3.4), they do not arise by bud- 
ding from the Golgi apparatus. Instead, they 
appear to replieate themselves by simply pinehing 
in half, as do mitoehondria. 


DID YOU GET IT 



9. How do the eytosol and the eytoplasm differ? 

10 . VVhieh two organelles are saes of enzymes and what 
is the fiinetion of eaeh of these organelles? 

11 . VVhieh organelle is the major site of ATP synthesis? 
VVhieh paekages proteins? 

For answers, see Appendix D. 


Oytoskeleton An elaborate network of protein 
structures extends throughout the eytoplasm. This 
network, or eytoskeleton, aets as a eelLs “bones 
and muscles” by furnishing an internal framework 
that determines eell shape, supports other or- 
ganelles, and provides the maehinery for intra- 
cellular transport and various types of cellular 
movements. From its largest to its smallest 
elements, the eytoskeleton is made up of miero- 
tubules, intermediate filaments, and mierofila- 
ments (Figure 3.7). Although there is some overlap 
in roles, generally speaking the strong, stable, 
ropelike intermediate fìlaments help form 
desmosomes (see Figure 3.3) and provide internal 
guy wires to resist pulling forees on the eell. 
Mierofìlaments (such as aetin and myosiri) are 
most involved in eell motility and in producing 
ehanges in eell shape. You could say that eells 
move when they get their aet(in) together. The 
tubelike microtubules determine the overall 
shape of a eell and the distribution of organelles. 
They are very important during eell division, as 
we deseribe on pp. 81-83. 

Oentrioles The paired eentrioles (sen'tre-òlz) 
lie elose to the nucleus (see Figure 3.4). They 
are rod-shaped bodies that lie at right angles to 
eaeh other; internally they are made up of a pin- 
wheel array of fine microtubules. Centrioles are 
best known for their role in generating miero- 
tubules, and during eell division, the eentrioles 
direet the formation of the mitotie spindle (see 

Figure 3.15, p. 83). 
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(a) Mierofilaments (b) Intermediate filaments 



Mierofilaments form the blue Intermediate filaments form 

network surrounding the pink the purple batlike network. 

nucleus. 


(e) Microtubules 
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Figure 3.7 Oytoskeletal elements support the eell and help to generate 
movement. Diagrammatie views (above) and photos (below). The photos are of eells 
treated to fluorescently tag the structure of interest. 


Cell Extensions 

In addition to the eell structures deseribed above, 
some eells have obvious surface extensions. These 
eome in two major “flavors” or varieties depend- 
ing on whether they have a eore of microtubules 
or aetin filaments. 

Cilia and Flagella 

Cilia (sil' e-ah; “eyelashes”) are whiplike cellular 
extensions that move substances along the eell sur- 
faee. For example, the eiliated eells of the respiratory 
system lining move mucus up and away from the 
lungs. Where eilia appear, there are usually many of 
them projeeting from the exposed eell surface. 

When a eell is about to make eilia, its eentrioles 
multiply and then line up beneath the plasma mem- 
brane at the free eell surface. Microtubules then be- 
gin to “sprout” from the eentrioles and put pressure 
on the membrane, forming the projeetions. 

If the projeetions formed by the eentrioles are 
substantially longer, they are ealled flagella (flah- 
jel'ah). The only example of a flagellated eell in 
the human body is the sperm, which has a single 
propulsive flagellum ealled its tail (see Figure 3.8g). 


Notiee that eilia propel other suhstances aeross 
a eelVs surface, ivhereas a flagellum propels the 
eell itself 

Mierovilli 

Mierovilli (mf'kro-vil'i; “little shaggy hairs”) are 
tiny, fingerlike extensions of the plasma mem- 
brane that projeet from an exposed eell surface 
(see Figure 3.3). They inerease the eell’s surface 
area tremendously and so are usually found on 
the surface of eells aetive in absorption like intes- 
tinal and kidney tubule eells. Mierovilli have a 
eore of aetin filaments that extend into the internal 
eytoskeleton of the eell and stiffen the microvillus. 


DID YOU GET IT 

12 . Which two types of eytoskeletal elements are involved 
in eell mobility? 

13. VVhieh of the eytoskeletal elements is the basis of 
eentrioles? Of mierovilli? 

14. The major fiinetion of eilia is to move substances 
aeross the free eell surface. VVhat is the major role of 
mierovilli? 



For answers, see Appendix D. 
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Cell Diversity 

,Z Name some eell types, and relate their overall shape 

and internal stmetiire to their speeial functions. 

So far in this ehapter, we have focused on an aver- 
age human eell. However, the trillions of eells in 
the human body include over 200 different eell 
types that vary greatly in size, shape, and function. 
They include sphere-shaped fat eells, dise-shaped 
red blood eells, branehing nerve eells, and cube- 
shaped eells of kidney tubules. 

Depending on type, eells also vary greatly in 
length—ranging from 1/12,000 of an ineh in the 
smallest eells to over a yard in the nerve eells 
that cause you to wiggle your toes. A eell’s 
shape refleets its function. For example, the flat, 
tilelike epithelial eells that line the inside of 
your eheek fit elosely together, forming a living 
barrier that proteets underlying tissues from bae- 
terial invasion. 

Figure 3.8 illustrates how the shapes of eells 
and the relative numbers of the various organelles 
they eontain relate to speeialized eell functions. 
Let’s take a look at some of these eell speeialists. 

1. Cells that eonneet body parts: 

• Fibroblast. The elongated shape of this eell 
lies along the eable-like fibers that it se- 
eretes. It has an abundant rough ER and a 
large Golgi apparatus to make and seerete 
the protein building bloeks of these fibers. 

• Erythroeyte (red blood eell). This eell ear- 
ries oxygen in the bloodstream. Its eoneave 
dise shape provides extra surface area for 
the uptake of oxygen and streamlines the 
eell so it flows easily through the blood- 
stream. So much oxygen-carrying pigment 
is paeked in erythroeytes that all other or- 
ganelles have been shed to make room. 

2. Cell that eovers and lines body organs: 

• Epithelial eell. The hexagonal shape of this 
eell is exactly like a “eell” in a honeyeomb 
of a beehive. This shape allows epithelial 
eells to paek together in sheets. An epithelial 
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Figure 3-8 Cell diversity. The shape of human 
eells and the relative abundances of their various 
organelles relate to their function in the body. (Note that 
eells are not drawn to the same seale.) 
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Forensie Seientist 


Forensie seientists need to 
understand bioehemistry, eell 
biology, and protein synthesis, all 
part and pareel of anatomy and 
physiology courses. 

The life of a forensie seientist is not 
nearly as dramatie as depieted on 
shows like CS/ and Bones. Cases 
are never wrapped up in an hour. 
Even so, the work ean be interesting 


positive effeet on public safety,” says 



You need to 
understand many 
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biology and have 


the eonfidenee 


and rewarding. “I feel like we have a expiain it to an 


Erie Halsing, a senior eriminalist in attorney in 

testimony. 


the California Department of Justice 
DNA Laboratory. 

Besides his work in the lab, 

Halsing is ealled to testify in court 
about every five or six months. When 
he gets a pieee of evidenee—body 
fluid on a swab, for example—he 
uses speeial ehemieals to “break 
open” the eells and release their 
DNA. A computer then ereates a 
DNA profile, which Halsing eompares 
to the profile of a suspect or 
suspects, or possibly the vietim, 
depending on the type of evidenee. 
Halsing writes a report detailing what 
procedures he followed, his findings 
(matehes with the suspect or vietim, 
if any), and if there’s a mateh, what it 
means. Work on one ease exclusively 
takes three or four days, typieally. 

In addition, every ease must be 
reviewed by a seeond eriminalist, so 
Halsing divides his time between 
working up his own eases and 
reviewing those of his colleagues. 

Although the eriminalists at the 
DNA Laboratory are extremely 
speeialized—for example, they don’t 
work in the field gathering evidenee 
or examine fingerprints—Halsing said 
it’s important to keep in mind the 
other aspeets of the investigation. 


“You do have to have some 
awareness of what happens in the 
field,” he said. “You ean’t just reeeive 
an item and test it without thinking 
about it—how it was eolleeted, ete.” 

Forensie seientists need at least a 
baehelor’s degree. Halsing got a 
baehelor’s degree in biology, and was 
hired at the DNA Laboratory right out 
of eollege. He underwent extensive 
training in the speeifie lab techniques 
and protoeols of working in the DNA 
Laboratory, but says his coursework 
in anatomy and physiology formed an 
important foundation. “You need to 
understand many aspeets of cellular 
biology, including how DNA repairs 
itself and, have the eonfidenee to 
explain it to an attorney in testimony. 
You don’t want to be asked a question 
you ean’t answer. Communication 
skills—both written and verbal—are 
almost as important as the seienee,” 
he said. “You have to have the ability 
to take seientifie eoneepts and explain 
them to nonseientists.” 

Given the sensitive nature of the 
work, the DNA Laboratory and other 


erime laboratories perform extensive 
background eheeks on potential 
employees. 

Halsing is required to do eight to 
ten hours of continuing education a 
year to keep up his lieensing, but 
between reading and discussing 
journals and attending eonferenees, 
Halsing says, “most of us do way 
beyond that.” Although Halsing 
works with DNA, forensie seientists 
ean also speeialize in toxicology, 
pathology, and physieal 
anthropology, among other areas. 

Most forensie seientists work for 
public ageneies—law enforeement, or 
a medieal examiner’s or eoroner’s 
offiee—but some work as independent 
consultants for hospitals or universities 

For more information, eontaet 

Ameriean Aeademy of Forensie 
Seienees 

410 N. 21 st Street 
Oolorado Springs, CO 80904 
(719) 636-1100 
htt p ://www. aaf s. org 


For additional information on this eareer, 
eliek the Focus on Careers link at 

www.anatomyandphysiology.com. 
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eell has abundant intermediate filaments 
that resist tearing when the epithelium is 
mbbed or pulled. 

3. Cells that move organs and body parts: 

• Skeletal muscle and smooth muscle eells. 
These eells are elongated and filled with 
abundant eontraetile filaments, so they 
ean shorten forcefully and move the 
bones or ehange the size of internal 
organs. 

4. Cell that stores nutrients: 

• Fat eell. The huge spherieal shape of a fat 
eell is produced by a large lipid droplet in 
its eytoplasm. 

5. Cell that fìghts disease: 

• Maerophage (a phagoeytie eell). This eell 
extends long pseudopods (“false feet”) to 
crawl through tissue to reaeh infeetion 
sites. The many lysosomes within the eell 
digest the infectious mieroorganisms it 
takes up. 

6. Cell that gathers information and eontrols 

body ftmetions: 

• Nerve eell (neuron). This eell has long 
proeesses (extensions) for reeeiving mes- 
sages and transmitting them to other stme- 
tures in the body. The proeesses are eovered 
with an extensive plasma membrane, and a 
plentiful rough ER synthesizes membrane 
eomponents. 

7. Cells of reproduction: 

• Ooeyte (female). The largest eell in the 
body, this egg eell eontains several eopies 
of all organelles, for distribution to the 
daughter eells that arise when the fertilized 
egg divides to beeome an embryo. 

• Sperm (male). This eell is long and stream- 
lined, built for swimming to the egg for fer- 
tilization. Its flagellum aets as a motile whip 
to propel the sperm. 

DID YOU GET IT 

15. Name the two eell types involved in eonneeting body 

parts or regions. 

16. What is the main function of a neuron? 

For ansvvers, see Appendix D. 


Cell Physiology 

Eaeh of the eell’s internal parts is designed to per- 
form a speeifie function for the eell and, as men- 
tioned earlier, most eells have the ability to 
metabolize (use nutrients to build new eell material, 
break down substances, and make ATP), digest 
foods, dispose ofivastes, reproduce, grow, move, and 
respond to a stimulus (irritability). We eonsider most 
of these functions in detail in later ehapters. For ex- 
ample, we eover metabolism in ehapter 14, and the 
ability to reaet to a stimulus in ehapter 7. Here, we 
will eonsider only the hanetions of membrane trans- 
port (the means by which substances get through 
plasma membranes), protein synthesis, and eell 
reproduction (eell division). 

Membrane Transport 

Define seleetive permeability, diffusion (including 
simple and faeilitated diffusion and osmosis), aetive 
transport, passive transport, solute pumping, 
exocytosis, endoeytosis, phagoeytosis, pinoeytosis, 
hypertonie, hypotonie, and isotonie. 

Deseribe plasma membrane structure and explain 
how the various transport proeesses account for the 
direetional movements of speeifie substances aeross 
the plasma membrane. 

The fluid environment on both sides of the 
plasma membrane is an example of a solution. It 
is important that you really understand solutions 
before we dive into an explanation of membrane 
transport. In the most basie sense, a solution is a 
homogeneous mixture of two or more eompo- 
nents. Examples include the air we breathe (a 
mixture of gases), seawater (a mixture of water 
and salts), and mbbing aleohol (a mixture of wa- 
ter and aleohol). The substance present in the 
largest amount in a sohition is ealled the solvent 
(or dissolving medium). Water is the body’s ehief 
solvent. Components or substances present in 
smaller amounts are ealled solutes. The sohites in 
a solution are so tiny that they do not settle out. 

Intracellular fluid (eolleetively, the nucleo- 
plasm and the eytosol) is a solution eontaining 
small amounts of gases (oxygen and earbon diox- 
ide), nutrients, and salts, dissolved in water. So too 
is interstitial fluid, the fluid that continuously 
bathes the exterior of our eells. You ean think of 
interstitial fluid as a rieh, nutritious, and rather un- 
usual “soup.” It eontains thousands of ingredients, 
including nutrients (amino aeids, sugars, fatty 
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Figure 3-9 Diffusion. Partieles in solution move 
continuously and eollide eonstantly with other partieles. 
As a result, partieles tend to move away from areas 
where they are most highly eoneentrated and to 
beeome evenly distributed, as illustrated by the diffusion 
of dye molecules in a beaker of water. 

aeids, vitamins), regulatory substances such as 
hormones and neurotransmitters, salts, and waste 
products. To remain healthy, eaeh eell must extract 
from this soup the exact amounts of the substances 
it needs at speeifie times and rejeet the rest. 

The plasma membrane is a seleetively perme- 
able barrier. Seleetive permeability means that a 
barrier allows some substances to pass through it 
while excluding others. Thus, it allows nutrients to 
enter the eell but keeps many undesirable sub- 
stanees out. At the same time, valuable eell pro- 
teins and other substances are kept within the eell, 
and wastes are allowed to pass out of it. 

HOMEOSTATIC IMBALANOE 

The property of seleetive permeability 
is typieal only of healthy, unharmed eells. When a 
eell dies or is badly damaged, its plasma mem- 
brane ean no longer be seleetive and beeomes 
permeable to nearly everything. We see this prob- 
lem when someone has been severely burned. 
Precious fluids, proteins, and ions a weep” (leak 
out) from the dead and damaged eells. ) 

Substances move through the plasma membrane 
in basieally two ways—passively or aetively. In 
passive proeesses, substances are transported aeross 
the membrane without any energy input from the 
eell. In aetive proeesses, the eell provides the meta- 
bolie energy (ATP) that drives the transport proeess. 

Passive Proeesses: Diffusion and Filtration 

Diffasion (di-fu'zhun) is an important means of pas- 
sive membrane transport for every eell of the body. 


The other passive transport proeess, filtration, gener- 
ally occurs only aeross eapillary walls. Let us exam- 
ine how these two types of passive transport differ. 

Diffíision Difftision is the proeess by which mol- 
ecules (and ions) move away from a region where 
they are more eoneentrated (more numerous) to a 
region where they are less eoneentrated (fewer of 
them). All molecules possess kinetie energy (en- 
ergy of motion), as deseribed in ehapter 2, and as 
the molecules move about randomly at high 
speeds, they eollide and ehange direetion with 
eaeh eollision. The overall effeet of this erratie 
movement is that molecules move down their 
eoneentration gradient, and the greater the dif- 
ferenee in eoneentration between the two areas, 
the faster diffusion occurs. Because the driving 
foree (source of energy) is the kinetie energy of the 
molecules themselves, the speed of diffusion is 
affeeted by the size of the molecules (the smaller 
the faster) and temperature (the warmer the faster). 

An example should help you understand diffu- 
sion. Picture yourself pouring a cup of eoffee and 
then adding a cube of sugar (but not stirring the 
cup). After you add the sugar, the phone rings, and 
you are ealled in to work. You never do get to 
drink the eoffee. Upon returning that evening, you 
find that the eoffee tastes sweet even though it was 
never stirred. The reason is that the sugar mole- 
cules moved around all day and eventually, as a re- 
sult of their aetivity, beeame sufficiently distribrited 
throughout the eoffee to sweeten the entire cup. A 
laboratory example that might be familiar to some 
students is illustrated in Figure 3.9. 

The hydrophobie eore of the plasma membrane 
is a physieal barrier to diffusion. However, mole- 
cules will difhase through the plasma membrane if 
any of the following are tme: 

• The molecules are small enough to pass through 
the membrane’s pores (ehannels formed by 
membrane proteins). 

• The molecules are lipid-soluble. 

• The molecules are assisted by a membrane 
earrier. 

The unassisted diffusion of solutes through 
the plasma membrane (or any seleetively perme- 
able membrane) is ealled simple difftision 
(Figure 3.10a). Solutes transported this way are 
either lipid-soluble (fats, fat-soluble vitamins, 
oxygen, earbon dioxide) or able to pass through 
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What “faeilitates” faeilitated diffusion? 
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Figure 3.10 Diffusion through the plasma membrane. 


the membrane pores (some small ions such as 
ehloride ions, for example). 

Diffusion of water through a seleetively per- 
meable membrane such as the plasma membrane 
is speeifieally ealled osmosis (oz-mo'sis). Because 
water is highly polar, it is repelled by the (nonpo- 
lar) lipid eore of the plasma membrane, but it ean 
and does pass easily through speeial pores ealled 
aquaporins (“water pores”) ereated by the pro- 
teins in the membrane (Figure 3.10d). Osmosis 
into and out of eells is occurring all the time as 
water moves down its eoneentration gradient. 

Still another example of diffusion is faeilitated 
difftision. Faeilitated diffusion provides passage 
for eertain needed substances (notably glucose) 
that are both lipid-insoluble and too large to pass 
through the membrane pores. Although faeilitated 
diffusion follows the laws of diffusion—that is, the 
substances move down their own eoneentration 
gradient—a protein membrane ehannel is used 
(Figure 3.10c), or a protein molecule that aets as a 
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earrier is needed as a transport vehiele (Figure 
3.10b). Henee, some of the proteins in the plasma 
membrane form ehannels or aet as earriers to 
move ghieose and eertain other sohites passively 
aeross the membrane into the eell. Although solute 
diffusion aeross the membrane is fairly slow, the 
movement of water occurs quickly. Anyone admin- 
istering IV solutions must use the eorreet solution 
to proteet the patient’s eells from life threatening 
dehydrations or rupture (see A Closer Look, p. 84). 

Substances that pass into and out of eells by 
diffusion save the eell a great deal of energy. 
When you eonsider how vitally important water, 
ghieose, and oxygen are to eells, you ean under- 
stand just how neeessary these passive transport 
proeesses really are. Glucose and oxygen continu- 
ally move into the eells (where they are in lower 
eoneentration because the eells keep using them 
up), and earbon dioxide (a waste product of cellu- 
lar aetivity) continually moves out of the eells into 
the blood (where it is in lower eoneentration). 
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causes the pump protein to 
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Figure 3.11 Operation of the sodium-potassium pump, a solute pump. 

ATP provides the energy for a “pump” protein to move three sodium ions out of the eell 
and two potassium ions into the eell. The pump moves both ions against their 
eoneentration gradients. The numbered steps indieate the sequence of ion and 
phosphate binding a pump protein goes through as it expels Na + and takes in K + . 


Filtration Filtration is the proeess by which water 
and solutes are foreed through a membrane (or eap- 
illary wall) by fluid, or hydrostatie, pressure. In the 
body, hydrostatie pressure is usually exerted by the 
blood. Like diffusion, filtration is a passive proeess, 
and a gradient is involved. In filtration, however, the 
gradient is a pressure gradient that actually 
pushes solute-containing fluid (filtrate ) from the 
higher-pressure area to the lower-pressure area. 
Filtration is neeessary for the kidneys to do their job 
properly. In the kidneys, water and small solutes fil- 
ter out of the eapillaries into the kidney tubules be- 
cause the blood pressure in the eapillaries is greater 
than the fluid pressure in the tubules. Part of the fil- 
trate formed in this way eventually beeomes urine. 
Filtration is not very seleetive. For the most part, 
only blood eells and protein molecules too large to 
pass through the membrane pores are held baek. 


DID YOU GET IT r 

17. VVhat is the energy source for all types of diffusion? 

18. VVhat determines the direetion of any diffusion 
proeess? 

19. VVhat are the two types of faeilitated diffusion and how 
do they differ? 

For answers, see Appendix D. 

Aetive Proeesses 

Whenever a eell uses some of its ATP supply to 
move substances aeross the membrane, the pro 
eess is referred to as aetive. Substances moved ae- 
tively are usually unable to pass in the desired di- 
reetion by diffusion. They may be too large to 
pass through membrane ehannels, the membrane 
may laek speeial protein earriers for their trans- 
port, they may not be able to dissolve in the fat 
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eore, or they may have to move “uphiH” against 
their eoneentration gradients. The two most im- 
portant means of aetive membrane transport are 
aetive transport and vesicular transport. 

Aetive Transport Sometimes ealled solute pump- 
ing, aetive transport is similar to the earrier- 
mediated faeilitated diffusion deseribed earlier in 
that both proeesses require protein earriers that 
eombine speeifieally and reversibly with the sub- 
stanees to be transported aeross the membrane. 
However, faeilitated diffusion is driven by the ki- 
netie energy of the diffusing molecules, whereas 
aetive transport uses ATP to energize its protein 
earriers, which are ealled solute pumps. Amino 
aeids, some sugars, and most ions are transported 
by solute pumps, and in most eases these sub- 
stanees move against eoneentration (or eleetrieal) 
gradients. This is opposite to the direetion in 
which substances would naturally flow by diffu- 
sion, which explains the need for energy in the 
form of ATP. Amino aeids are needed to build eel- 
lular proteins but are too large to pass through the 
membrane ehannels and are not lipid-soluble. 

The sodium-potassium pump that simulta- 
neously earries sodium ions (Na + ) out of and 
potassmm ions (K + ) into the eell is absolutely nee- 
essary for normal transmission of impulses by 
nerve eells (Figure 3.11). There are more sodmm 
ions outside the eells than inside, so they tend to 
remain in the eell unless the eell uses ATP to foree, 
or “pump,” them out. Likewise, there are relatively 
more potassium ions inside eells than in the inter- 
stitial (extracellular) fluid, and potassium ions that 
leak out of eells must be aetively pumped baek in- 
side. Because eaeh of the pumps in the plasma 
membrane transports only speeifie substances, ae- 
tive transport provides a way for the eell to be 
very seleetive in eases where substances eannot 
pass by diffusion. (No pump—no transport.) 

Vesieillar Transport Some substances eannot get 

through the plasma membrane by passive trans- 
port or by aetive transport. Vesicular transport, 
which involves help from ATP, moves substances 
into or out of eells without their actually erossing 
the plasma membrane. The two types of vesicular 
transport are exocytosis and endoeytosis 

Exocytosis (ek"so-si-to'sis; “out of the eell”) 
moves substances out of eells (Figure 3.12). It is 
the means by which eells aetively seerete hormones, 
mucus, and other eell products or ejeet eertain 
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Figure 3.13 Events and types of endoeytosis. (a) Sequence of events in 
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(e) Reeeptor-mediated endoeytosis. 


cellular wastes. The product to be released is first 
“paekaged” (typieally by the Golgi apparatus) into 
a small membranous sae ealled a vesiele. The vesi- 
ele migrates to the plasma membrane, fuses with it, 
and then ruptures, spilling the sae eontents out of 
the eell (also see pathway 1 of Figure 3.6). 

Exocytosis involves a “doeking” proeess in 
which transmembrane proteins on the vesieles, 
fancifully ealled v-SNAREs (v for vesiele), reeog- 
nize eertain plasma membrane proteins, ealled t- 
SNAREs (t for target), and bind with them. This 
binding causes the membranes to “corkscrew” to- 
gether and fuse (see Figure 3.12a). 

Endoeytosis (en"do-si-to'sis; “into the eell”) 
includes those ATP-requiring proeesses that take 
up, or engulf, extracellular substances by enelos- 
ing them in a small membranous vesiele (Figure 
3.13). Onee the vesiele, or sae, is formed, it de- 
taehes from the plasma membrane and moves 
into the eytoplasm, where it typieally fuses with a 


lysosome and its eontents are digested (by lysoso- 
mal enzymes). However, in some eases, the vesiele 
travels to the opposite side of the eell and releases 
its eontents by exocytosis there. 

If the engulfed substances are relatively large 
partieles such as baeteria or dead body eells, and 
the eell separates them from the external environ- 
ment by flowing eytoplasmie extensions ealled 
psendopods, the endoeytosis proeess is more 
speeifieally ealled phagoeytosis (fag"o-si-to'sis), a 
term that means “eell eating” (Figure 3.13b). 
Certain white blood eells and other “professional” 
phagoeytes of the body aet as seavenger eells 
that poliee and proteet the body by ingesting 
baeteria and other foreign debris. Henee, phago- 
eytosis is a proteetive meehanism, not a means of 
getting nutrients. 

If we say that eells ean eat, we ean also say 
that they ean drink. In this form of endoeytosis, 
ealled pinoeytosis (pi"no-si-to'sis; “eell drinking”), 
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the eell “gulps” droplets of extracellular fluid. The 
plasma membrane indents to form a tiny pit, and 
then its edges fuse around the droplet of extracel- 
lular fluid eontaining dissolved proteins or fats 
(Figure 3.13a). Unlike phagoeytosis, pinoeytosis is 
a routine aetivity of most eells. It is espeeially im- 
portant in eells that function in absorption (for ex- 
ample, eells forming the lining of the small 
intestine). 

Reeeptor-mediated endoeytosis is the main 
cellular meehanism for taking up speeifie target 
molecules (Figure 3.13c). In this proeess, plasma 
membrane reeeptor proteins bind only with 
eertain substances. Both the reeeptors and high 
eoneentrations of the attaehed target molecules are 
internalized in a vesiele, and then the eontents of 
the vesiele are dealt with in one of the ways 
shown in Figure 3.13a. Although phagoeytosis and 
pinoeytosis are important, eompared to reeeptor- 
mediated endoeytosis, they are pretty unselective. 
Substances taken in by reeeptor-mediated endoey- 
tosis include enzymes, some hormones, eholes- 
terol, and iron. Unfortunately, flu vimses also use 
this route to enter and attaek our eells. 


DID YOU GET IT r 

20 . What happens when the Na + -K + pump is 
phosphorylated? When K + binds to the pump protein? 

21. Which vesicular transport proeess moves large 
partieles into the eell? 

22 . Which proeess is more seleetive—pinoeytosis or 
reeeptor-mediated endoeytosis? 

For ansvvers, see Appendix D. 


Cell Division 

Deseribe briefly the proeess of DNA replieation and of 
mitosis. Explain the importanee of mitotie eell division. 

Deseribe the roles of DNA and of the three major 
varieties of RNA in protein synthesis. 

The eell life eyele is the series of ehanges a eell 
goes through from the time it is formed until it di- 
vides. The eyele has two major periods: 
interphase, in which the eell grows and earries 
on its usual metabolie aetivities, and eell division, 
during which it reproduces itself. Although the 
term interphase might lead you to believe that it is 
merely a resting time between the phases of eell 
division, this is not the ease. During interphase, 
which is by far the longer phase of the eell eyele, 


the eell is very aetive and is resting only from divi- 
sion. A more accurate name for interphase would 
be metabolie phase. 

Preparations: DNA Replieation 

The function of eell division is to produce more 
eells for growth and repair proeesses. Because it is 
essential that all body eells have the same genetie 
material, an important event always preeedes eell 
division: The genetie material (the DNA molecules 
that form part of the ehromatin) is duplicated ex- 
aetly. This occurs toward the end of the eell’s in- 
terphase period. 

Reeall from ehapter 2 that DNA is a very eom- 
plex molecule. It is eomposed of building bloeks 
ealled nneleotides, eaeh eonsisting of deoxyribose 
sugar, a phosphate group, and a nitrogen-eontaining 
base. Essentially DNA is a double helix, a 
ladderlike molecule that is eoiled into a spiral 
stairease shape. The upright parts of the DNA “lad- 
der” are alternating phosphate and sugar units, 
and the mngs of the ladder are made of pairs of 
nitrogen-eontaining bases. 

The preeise trigger for DNA synthesis is 
unknown, but onee it starts, it continues until all 
the DNA has been replieated. The proeess begins 
as the DNA helix uncoils and gradually separates 
into its two nucleotide ehains (Figure 3.14). 
Eaeh nucleotide strand then serves as a template, 
or set of instmetions, for building a new nu- 
eleotide strand. 

Remember that nucleotides join in a 
eomplementary way: Adenine (A) always bonds to 
thymine (T), and guanine (G) always bonds to ey- 
tosine (C). Henee, the order of the nucleotides on 
the template strand also determines the order on 
the new strand. For example, a TACTGC sequence 
on a template strand would bond to new nu- 
eleotides with the order ATGACG. The end result 
is two DNA molecules that are identieal to the 
original DNA helix, eaeh eonsisting of one old and 
one newly assembled nucleotide strand. 

Events of Cell Division 

In all eells other than baeteria and some eells of 
the reproductive system, eell division eonsists 
of two events. Mitosis (mi-to"sis), or division of 
the nucleus, occurs first. The seeond event is di- 
vision of the eytoplasm, eytokinesis (si'to-kT- 
ne"sis), which begins when mitosis is nearly 
eompleted. 
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Figure 3.14 Replieation of the DNA molecule 
during interphase. In a proeess eontrolled by 
enzymes, the DNA helix unwinds (eenter), and its 
nucleotide strands are separated. Eaeh strand then 
aets as a template for building a new eomplementary 
strand. As a result, two helixes, eaeh identieal to the 
original DNA helix, are formed. 


MÌtOSÌS Mitosis results in the formation of two 
daughter nuclei with exactly the same genes as the 
mother nucleus. As explained above, DNA repliea- 
tion preeedes mitosis, so that for a short time the 
eell nucleus eontains a double dose of genes. 
When the nucleus divides, eaeh danghter eell ends 
up with exactly the same genetie information as 
the original mother eell and the original fertilized 
egg from which it eame. 

The stages of mitosis, diagrammed in Figure 
3.15, include the following events: 

• Prophase (pro'faz). As eell division begins, the 
ehromatin threads eoil and shorten so that visible 
barlike bodies ealled ehromosomes (ehromo — 
eolored; soma = body) appear. Because DNA 
has already been replieated, eaeh ehromosome is 
actually made up of two strands, eaeh ealled a 
ehromatid (kro' mah-tid), held together by a 
small buttonlike body ealled a eentromere 
(sen'tro-mèr). The eentrioles separate from eaeh 
other and begin to move toward opposite sides 
of the eell, direeting the assembly of a mitotie 
spindle (eomposed of microtubules) between 
them as they move. The spindle provides a seaf- 
folding for the attaehment and movement of the 
ehromosomes during the later mitotie stages. By 
the end of prophase, the nuclear envelope and 
the nucleoli have broken down and disappeared, 
and the ehromosomes have attaehed randomly 
to the spindle fibers by their eentromeres. 

• Metaphase (met'ah-faz). In this short stage, 
the ehromosomes ehister and line up at the 
metaphase plate (the eenter of the spindle mid- 
way between the eentrioles) so that a straight 
line of ehromosomes is seen. 

• Anaphase (an'ah-faz). During anaphase, the 
eentromeres that have held the ehromatids to- 
gether split. The ehromatids (now ealled ehro- 
mosomes again) begin to move slowly apart, 
drawn toward opposite ends of the eell. The 
ehromosomes seem to be pulled by their half- 
eentromeres, with their “arms” dangling behind 
them. Anaphase is over when ehromosomes 
stop moving. 

• Telophase (tel'o-faz). Telophase is essentially 
prophase in reverse. The ehromosomes at op- 
posite ends of the eell uncoil to beeome 
threadlike ehromatin again. The spindle breaks 
down and disappears, a nuclear envelope 
forms around eaeh ehromatin mass, and nucle- 
oli appear in eaeh of the daughter nuclei. 
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Figiire 3.15 Stages of mitosis. 


Mitosis is basieally the same in all animal eells. 
Depending on the type of tissue, it takes from 5 min- 
utes to several hours to eomplete, but typieally it 
lasts about 2 hours. Centriole replieation is deferred 
until late interphase of the next eell eyele, when 
DNA replieation begins before the onset of mitosis. 

eytokinesis eytokinesis, or the division of the eyto- 
plasm, usually begins during late anaphase and 
eompletes during telophase. A eontraetile ring made 
of mierofilaments forms a eleavage fiirrow over 
the midline of the spindle, and it eventually 
squeezes or pinehes the original eytoplasmie mass 
into two parts. Thus, at the end of eell division, two 


daughter eells exist. Eaeh is smaller and has less ey- 
toplasm than the mother eell, but it is genetieally 
identieal to it. The daughter eells grow and earry out 
normal eell aetivities until it is their turn to divide. 

Mitosis and division of the eytoplasm usually 
go hand in hand, but in some eases the eytoplasm 
is not divided. This eondition leads to the forma- 
tion of biniieleate (two nuclei) or multinucleate 
eells. This is fairly eommon in the liver. 

As mentioned earlier, mitosis provides the 
“new” eells for body growth in youth and is neees- 
sary to repair body tissue all through life. Mitosis 
gone wild is the basis for tumors and eaneers. 
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Why is it essential that medieal 
personnel give only the proper 
intravenoiis (IV), or into-the-vein, 
solutions to patients? Let’s try to 
answer this very important 
question. 

The tendeney of a solution to 
hold water or “puH” water into it is 
ealled osmotie pressure. Osmotie 
pressure is direetly related to the 
eoneentration of solutes in the 
solution. The higher the solute 
eoneentration, the greater the 
osmotie pressure and the greater 
the tendeney of water to move into 
the solution. Many molecules, 
particularly proteins and some 
ions, are prevented from diffusing 
through the plasma membrane. 
Consequently, any ehange in their 
eoneentration on one side of the 
membrane forees water to move 
from one side of the membrane to 
the other, causing eells to lose or 
gain water. The ability of a solution 
to ehange the size and shape of 
eells by altering the amount of 


water they eontain is ealled tonieity 
(ton-is'i-te; ton = strength). 

isotonie (i"so-ton'ik; “same 
tonieity”) solutions (such as 5 
pereent glucose and 0.9 pereent 
saline) have the same solute and 
water eoneentrations as eells do. 
isotonie solutions cause no visible 
ehanges in eells, and when such 
solutions are infused into the 
bloodstream, red blood eells (RBCs) 
retain their normal size and diselike 
shape (photo a). As you might guess, 
interstitial fluid and most intravenous 
solutions are isotonie solutions. 

If red blood eells are exposed to 
a hypertonie (hi"per-ton'ik) 
solution—a solution that eontains 
more solutes, or dissolved 
substances, than there are inside 
the eells—the eells will begin to 
shrink. This is because water is in 
higher eoneentration inside the eell 
than outside, so it follows its 
eoneentration gradient and leaves 
the eell (photo b). Hypertonie 
solutions are sometimes given to 


patients who have edema (swelling 
of the feet and hands due to fluid 
retention). Such solutions draw 
water out of the tissue spaees into 
the bloodstream so that the kidneys 
ean eliminate excess fluid. 

When a solution eontains fewer 
solutes (and therefore more water) 
than the eell does, it is said to be 
hypotonie (hi"po-ton'ik) to the eell. 
Cells plaeed in hypotonie solutions 
plump up rapidly as water rnshes 
into them (photo e). Distilled water 
represents the most extreme 
example of a hypotonie fluid. 
Because it eontains no solutes at all, 
water will enter eells until they finally 
burst, or/yse. Hypotonie solutions 
are sometimes infused intravenously 
(slowly and with eare) to rehydrate 
the tissues of extremely dehydrated 
patients. In less extreme eases, 
drinking hypotonie fluids usually 
does the triek. (Many fluids that we 
tend to drink regularly, such as tea, 
eolas, and sport drinks, are 
hypotonie.) 



(a) RBC in isotonie solution 


(b) RBC in hypertonie solution 


(e) RBC in hypotonie solution 
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Protein Synthesis 

Genes: The Bliieprint for Protein Structure 

In addition to replieating itself for eell division, 
DNA serves as the master blueprint for protein 
syntheses. Traditionally, a gene is defined as a 
DNA segment that earries the information for 
building one protein or polypeptide ehain. 

Proteins are key substances for all aspeets of 
eell life. As deseribed in ehapter 2 , fibrous (struc- 
tural) proteins are the major building materials for 
eells. Other proteins, the globular (functional) 
proteins, do things other than build structures. For 
example, all enzymes, biologieal eatalysts that 
regulate ehemieal reaetions in the eells, are func- 
tional proteins. The importanee of enzymes ean- 
not be overstated. Every ehemieal reaetion in the 
body requires an enzyme. It follows that DNA reg- 
ulates eell aetivities largely by speeifying the stme- 
ture of enzymes, which in turn eontrol or direet 
the ehemieal reaetions in which earbohydrates, 
fats, other proteins, and even DNA itself are made 
and broken down. 

How does DNA bring about its miraeles? It ap- 
pears that DNA’s information is eneoded in the se- 
quence of bases along eaeh side of the ladderlike 
DNA molecules. Eaeh sequence of three bases (a 
triplet ) ealls for a particular amino aeid. (Amino 
aeids are the building bloeks of proteins and are 
joined during protein synthesis.) For example, a 
DNA base sequence of AAA speeifies an amino aeid 
ealled phenylalanine, and CCT ealls for glyeine. Just 
as different arrangements of notes on sheet music 
are played as different melodies, variations in the 
arrangements of A, C, T, and G in eaeh gene allow 
eells to make all the different kinds of proteins 
needed. It has been estimated that a single gene 
has between 300 and 3,000 base pairs in sequence. 

The Role of RNA 

By itself, DNA is rather like a strip of magnetie 
reeording tape; its information is not useful until it is 
deeoded. Furthermore, most ribosomes—the manu- 
faetiiring sites for proteins—are in the eytoplasm, 
but DNA never leaves the nucleus in interphase 
eells. Thus, DNA requires not only a deeoder but 
also a messenger to aehieve its task of speeifying 
the stmcture of proteins to be built at the ribo- 
somes. These messenger and deeoder functions are 
earried out by a seeond type of nucleic aeid, ealled 
ribonucleic (ri"bo-nu-kle'ik) aeid, or RNA. 


As you learned in ehapter 2, RNA differs from 
DNA in being single-stranded and in having ribose 
sugar instead of deoxyribose and a uracil (U) base 
instead of thymine (T). Three varieties of RNA play 
a speeial role in protein synthesis. Transfer RNA 
(tRNA) molecules are small eloverleaf-shaped mol- 
ecules. Ribosomal RNA (rRNA) helps form the ri- 
bosomes, where proteins are built. Messenger RNA 
(mRNA) molecules are long, single nucleotide 
strands that resemble half of a DNA molecule and 
earry the “message” eontaining instmetions for pro- 
tein synthesis from the DNA gene in the nucleus to 
the ribosomes in the eytoplasm. 

Protein synthesis involves two major phases: 
transeription, when eomplementary mRNA is 
made at the DNA gene, and translation, when the 
information earried in mRNA molecules is “de- 
eoded” and used to assemble proteins. These 
steps are summarized simply in Figure 3.16 and 
deseribed in more detail next. 

Transeription 

The word transeription often refers to one of the 
jobs done by a seeretary—eonverting notes from 
one form (shorthand notes or an audiotape 
reeording) into another form (a typewritten letter, 
for example). In other words, the same informa- 
tion is transformed from one form or format to an- 
other. In eells, transeription involves the transfer 
of information from DNA’s base sequence into the 
eomplementary base sequence of mRNA (Figure 
3.16, step 1). Only DNA and mRNA are involved 
in transeription. Eaeh three-base sequence speeify- 
ing a particular amino aeid on the DNA gene is 
ealled a triplet, and the eorresponding three-base 
sequences on mRNA are ealled eodons. The form 
is different, but the same information is being eon- 
veyed. Thus, if the (partial) sequence of DNA 
triplets is AAT-CGT-TCG, the related eodons on 
mRNA would be UUA-GCA-AGC. 

Translation 

A translator takes words in one language and 
restates them in another language. In the 
translation phase of protein synthesis, the lan- 
guage of nucleic aeids (base sequence) is “trans- 
lated” into the language of proteins (amino aeid 
sequence). Translation occurs in the eytoplasm 
and involves three major varieties of RNA. As illus- 
trated in Figure 3.16, steps 2-5, translation eonsists 
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Figure 3.16 Protein synthesis. ® Transeription. ®-(5) Translation. 
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of the following events. Onee the mRNA attaehes 
to the ribosome (step 2), tRNA eomes into the pie- 
ture. Its job is to transfer, or ferry, amino aeids to 
the ribosome, where they are bound together by 
enzymes in the exact sequence speeified by the 
gene (and its mRNA). There are about 45 eommon 
types of tRNAs, eaeh eapable of earrying one of 
the 20 or so eommon types of amino aeid to the 
ribosomes. But that is not the only job of the tiny 
tRNAs. They also have to reeognize the mRNA 
eodons “ealling for” the amino aeid they are tot- 
ing. They ean do this because they have a speeial 
three-base sequence ealled an antieodon on their 
“head” that ean bind to the eomplementary 
eodons (step 3). 

Onee the first tRNA has maneuvered itself into 
the eorreet position at the beginning of the mRNA 
message, the ribosome moves the mRNA strand 
along, bringing the next eodon into position to be 
read by another tRNA. As amino aeids are brought 
to their proper positions along the length of 
mRNA, they are joined together by enzymes (step 
4). As an amino aeid bonds to the ehain, its tRNA 
is released and moves away from the ribosome to 
piek up another amino aeid (step 5). When the 
last eodon (the termination, or “stop,” eodon) is 
read, the protein is released. 

DID YOU GET IT 

23. How do the terms template strand and 
eomplementary relate to DNA synthesis? 

24. What results if eytokinesis does not happen? 

25. What is the role of mRNA in protein synthesis? 

26. What are the two stages of protein synthesis, and in 
which stage are proteins actually synthesized? 

For answers, see Appendix D. 

PARTII: BODYTISSHES 

✓ Name the four major tissue types and their ehief 
subcategories. Explain how the four major tissue 
types differ structurally and functionally. 

✓ Give the ehief loeations of the various tissue types in 
the body. 

✓ Deseribe the proeess of tissue repair (wound healing). 

The human body, complex as it is, starts out as a 
single eell, the fertilized egg, which divides almost 
endlessly. The millions of eells that result beeome 


speeialized for particular functions. Some beeome 
muscle eells, others the transparent lens of the 
eye, still others skin eells, and so on. Thus, there is 
a division of labor in the body, with eertain groups 
of highly speeialized eells performing functions 
that benefit the organism as a whole. 

Cell speeialization earries with it eertain haz- 
ards. When a small group of eells is indispensable, 
its loss ean disable or even destroy the body. For 
example, the aetion of the heart depends on a 
very speeialized eell group in the heart muscle that 
eontrols its eontraetions. If those particular eells 
are damaged or stop functioning, the heart will no 
longer work effieiently, and the whole body will 
suffer or die from laek of oxygen. 

Groups of eells that are similar in structure and 
function are ealled tissues. The four primary tissue 
types—epithelium, eonneetive tissue, nervous tissue, 
and muscle—interweave to form the fabrie of the 
body. If we had to assign a single term to eaeh pri- 
mary tissue type that would best deseribe its overall 
role, the terms would most likely be eovering (ep- 
ithelium), snpport (eonneetive), movement (muscle), 
and eontrol (nervous). However, these terms refleet 
only a tiny fraetion of the functions that eaeh of 
these tissues performs. 

As explained in ehapter 1, tissues are organized 
into organs such as the heart, kidneys, and lungs. 
Most organs eontain several tissue types, and the 
arrangement of the tissues determines eaeh organ’s 
structure and what it is able to do. Thus, a study of 
tissues should be helpful in your later study of the 
body’s organs and how they work. 

For now, we want to beeome familiar with the 
major similarities and differenees in the primary 
tissues. Because epithelium and some types of 
eonneetive tissue will not be eonsidered again, 
they are emphasized more in this seetion than are 
muscle, nervous tissues, and bone (a eonneetive 
tissue), which we eover in more depth in later 
ehapters. 

A deseription of the various tissue types fol- 
lows and a helpful summary of the major func- 
tions and body loeations of the four primary tissue 
types appears in Figure 3.22 on p. 100. 

Epithelial Tissue 

Epithelial tissue, or epithelium (ep"i-the'le- 
um; epithe = laid on, eovering) is the lining, eov- 
ering, and glandular tissue of the body. Glandular 
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epithelium forms various glands in the body. 
Covering and lining epithelium eovers all free 
body surfaces and eontains versatile eells. One 
type forms the outer layer of the skin. Others dip 
into the body to line its eavities. Because epithe- 
lium forms the boundaries that separate us from 
the outside world, nearly all substances that the 
body gives off or reeeives must pass through ep- 
ithelium. 

Epithelial functions include proteetion, absorp- 
tion, filtration, and seeretion. For example, the ep- 
ithelium of the skin proteets against baeterial and 
ehemieal damage, and the epithelium lining the 
respiratory traet has eilia, which sweep dust and 
other debris away from the lungs. Epithelium spe- 
eialized to absorb substances lines some digestive 
system organs such as the stomaeh and small in- 
testine, which absorb food nutrients into the body. 
In the kidneys, epithelium both absorbs and fil- 
ters. Seeretion is a speeialty of the glands, which 
produce such substances as perspiration, oil, di- 
gestive enzymes, and mucus. 

Speeial Characteristics of Epithelium 

Epithelium generally has the eharaeteristies listed 
below: 

• Except for glandular epithelium (deseribed on 
p. 92), epithelial eells fit elosely together to 
form continuous sheets. Neighboring eells are 
bound together at many points by speeialized 
eell junctions, including desmosomes and tight 
junctions (see p. 67). 

• The membranes always have one free (unat- 
taehed) surface or edge. This so-ealled apieal 
surface is exposed to the body’s exterior or to 
the eavity of an internal organ. The exposed 
surfaces of some epithelia are sliek and 
smooth, but others exhibit eell surface modifi- 
eations, such as mierovilli or eilia. 

• The lower surface of an epithelium rests on a 
basement membrane, a structureless material 
seereted by both the epithelial eells and the 
eonneetive tissue eells that abut the epithelium. 

• Epithelial tissues have no blood supply of their 
own (that is, they are avasenlar) and depend on 
diffusion from the eapillaries in the underlying 
eonneetive tissue for food and oxygen. 

• If well nourished, epithelial eells regenerate 
themselves easily. 


eiassifieation of Epithelium 

Eaeh epithelium is given two names. The first in- 
dieates the relative number of eell layers it has 
(Figure 3.17a). The elassifieations by eell arrange- 
ment (layers) are simple epithelium (one layer 
of eells) and stratified epithelium (more than 
one eell layer). The seeond deseribes the shape of 
its eells (Figure 3.17b). There are squamous 
(skwa'mus) eells, flattened like fish seales ( squam 
= seale), cuboidal (ku-boi'dal) eells, which are 
cube-shaped like diee, and eolamnar eells, 
shaped like columns. The terms deseribing the 
shape and arrangement are then eombined to de- 
seribe the epithelium fully. Stratified epithelia are 
named for the eells at the free surface of the ep- 
ithelial membrane, not those resting on the base- 
ment membrane. 

Simple Epithelia 

The simple epithelia are most eoneerned with ab- 
sorption, seeretion, and filtration. Because simple 
epithelia are usually very thin, proteetion is not 
one of their speeialties. 

Simple Squamous Epithelium Simple squamous 

epithelium is a single layer of thin squamous 
eells resting on a basement membrane. The eells 
fit elosely together, much like fioor tiles. This type 
of epithelmm usually forms membranes where fil- 
tration or exchange of substances by rapid diffu- 
sion occurs. Simple squamous epithelium is in the 
air saes of the lungs, where oxygen and earbon 
dioxide are exchanged (Figure 3.18a), and it 
forms the walls of eapillaries, where nutrients and 
gases pass between the tissue eells and the blood 
in the eapillaries. Simple squamous epithelium 
also forms serous membranes, or serosae (se- 
ro'se), the sliek membranes that line the ventral 
body eavity and eover the organs in that eavity. 
We deseribe the serous membranes in more detail 
in ehapter 4. 

Simple Cuboidal Epithelium Simple cuboidal ep- 

ithelium, which is one layer of cuboidal eells 
resting on a basement membrane, is eommon in 
glands and their ducts (for example, the salivary 
glands and panereas). It also forms the walls of 
the kidney tubules and eovers the surface of the 
ovaries (Figure 3.18b). 

Simple Columnar Epithelinm Simple columnar 

epithelium is made up of a single layer of tall 
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Apieal surface 




Basal 
surface 


Simple 



Basal —' 

surface Stratified 




Squamous 




Cuboidal 




Columnar 



(a) eiassifieation based on number of eell layers 


(b) dassifieation based on eell shape 



Number of layers 

Cell shape 

One layer: simple epithelial tissues 

More than one layer: stratified epithelial tissues 

Squamous 

Diffusion and filtration 

Seeretion in serous membranes 

Proteetion 

Cuboidal 

Seeretion and absorption; eiliated types 
propel mucus or reproductive eells 

Proteetion; these tissue types are rare in humans 

Columnar 

Seeretion and absorption; eiliated types 
propel mucus or reproductive eells 


Transitional 


Proteetion; stretehing to aeeomodate distension of 
urinary structures 


(e) Function of epithelial tissue related to tissue type 

Figure 3.17 eiassifieation and functions of epithelia. (a) Gassifieation on the 
basis of arrangement (layers). (b) Gassifieation on the basis of eell shape; for eaeh 
eategory, a whole eell is shown on the left and a longitudinal seetion is shown on the 
right. (e) Function of epithelial tissue related to tissue type. 


eells that fit elosely together. Goblet eells, which 
produce a lubricating mucus, are often seen in this 
type of epithelium. Simple columnar epithelium 
lines the entire length of the digestive traet from 
the stomaeh to the anus (Figure 3-18c). Epithelial 
membranes that line body eavities open to the 


body exterior are ealled mucosae (mu-ko'se) or 

mucous membranes. 

Pseiidostratified Columnar Epithelium All of the eells 

of pseudostratified (soo"do-strà'tí-fíd) eolmnnar 
epitheliimi rest on a basement membrane. 

(Continues on page 92) 
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(a) Diagram: Simple squamous 
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Nuclei of 
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Photomierograph: Simple squamous 
epithelium forming part of the alveolar 
(air sae) walls (185x). 
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(b) Diagram: Simple cuboidal 
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Photomierograph: Simple cuboidal 
epithelium in kidney tubules (250x). 
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Photomierograph: Simple columnar 
epithelium of the small intestine (430x). 


(e) Diagram: Simple columnar 

Figure 3.18 Types of epithelia and their eommon loeations in the body. 
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(d) Diagram: Pseudostratified (eiliated) 
columnar 
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Photomierograph: Pseudostratified 
eiliated columnar epithelium lining the 
human traehea (430x). 
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membrane 



(e) Diagram: Stratified squamous 



Photomierograph: Stratified 
squamous epithelium lining of 
the esophagus (140x). 
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(f) Diagram: Transitional 

Figure 3.18 (continued) 
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Photomierograph: Transitional epithelium lining of the 
bladder, relaxed state (215x); surface rounded eells 
flatten and elongate when the bladder fills with urine. 
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However, some of its eells are shorter than others, 
and their nuclei appear at different heights above 
the basement membrane. As a result, this epithe- 
lium gives the false (psendo) impression that it is 
stratified; henee its name. Like simple columnar 
epithelium, this variety mainly functions in absorp- 
tion and seeretion. A eiliated variety (more pre- 
eisely ealled pseudostratified eiliated eolmnnar 
epithelinm) lines most of the respiratory traet 
(Figure 3.18d). The mucus produced by the goblet 
eells in this epithelium traps dust and other debris, 
and the eilia propel the mucus upward and away 
from the lungs. 

Stratified Epithelia 

Stratified epithelia eonsist of two or more eell lay- 
ers. Being eonsiderably more durable than the 
simple epithelia, these epithelia function primarily 
to proteet. 

Stratified Squamous Epithelium Stratifìed squa- 

mous epithelium is the most eommon stratified 
epithelium in the body. It usually eonsists of several 
layers of eells. The eells at the free edge are squa- 
mous eells, whereas those elose to the basement 
membrane are cuboidal or eohimnar. Stratified 
squamous epithelium is found in sites that reeeive 
a good deal of abuse or frietion, such as the 
esophagus, the mouth, and the outer portion of 
the skin (Figure 3.18e). 

Stratified Cuboidal and Stratified Columnar 

Epithelia Stratifìed cuboidal epithelium typi- 

eally has just two eell layers with (at least) the sur- 
faee eells being cuboidal in shape. The surface 
eells of stratifìed columnar epithelium are 
columnar eells, but its basal eells vary in size and 
shape. Both of these epithelia are fairly rare in the 
body, found mainly in the ducts of large glands. 
(Because the distribution of these two epithelia is 
extremely limited, they are not illustrated in Figure 
3.18. We mention them here only to provide a 
eomplete listing of the epithelial tissues.) 

Transitional Epithelium Transitional epithelium 

is a highly modified, stratified squamous epithe- 
lium that forms the lining of only a few organs— 
the urinary bladder, the ureters, and part of the 
urethra. All these organs are part of the urinary 
system and are subject to eonsiderable stretehing 
(Figure 3.18f). Cells of the basal layer are cuboidal 
or columnar; those at the free surface vary in 
appearanee. When the organ is not stretehed, the 


membrane is many-layered, and the superficial 
eells are rounded and domelike. When the organ 
is distended with urine, the epithelium thins, and 
the surface eells flatten and beeome squamouslike. 
This ability of transitional eells to slide past one 
another and ehange their shape (undergo “transi- 
tions”) allows the ureter wall to streteh as a greater 
volume of urine flows through that tubelike organ. 
In the bladder, it allows more urine to be stored. 

Glandular Epitheliiim 

A gland eonsists of one or more eells that make 
and seerete a particular product. This product, 
ealled a seeretion, typieally eontains protein mol- 
ecules in an aqueous (water-based) fluid. The 
term seeretion also indieates an aetive proeess in 
which the glandular eells obtain needed materials 
from the blood and use them to make their seere- 
tion, which they then diseharge. 

Two major types of glands develop from epithe- 
lial sheets. Endoerine (en'do-krin) glands lose their 
eonneetion to the surface (duct); thus they are often 
ealled dnetless glands. Their seeretions (all hor- 
mones) diffuse direetly into the blood vessels that 
weave through the glands. Examples of endoerine 
glands include the thyroid, adrenals, and pituitary. 

Exocrine (ek'so-krin) glands retain their 
ducts, and their seeretions empty through the 
ducts to the epithelial surface. Exocrine glands, 
which include the sweat and oil glands, liver, and 
panereas, are both internal and external. We dis- 
cuss them with the organ systems to which their 
products are related. 


DID YOU GET IT r 

27. What two eriteria are used to elassify epithelial 
tissues? 

28. How do endoerine and exocrine glands differ in 
structure and function? 

29. Which of the following properties apply to epithelial 
tissues? Has blood vessels, ean repair itself, eells 
have speeialized eell junctions. 

For answers, see Appendix D. 


Connective Tissue 

Connective tissue, as its name suggests, eonneets 
body parts. It is found everywhere in the body. It 
is the most abundant and widely distributed of the 
tissue types. Connective tissues perform many 
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functions but they are primarily involved in 
proteeting, snpporting, and binding together other 
body tissues. 

Common Characteristics 
of Connective Tissue 

The eharaeteristies of eonneetive tissue include the 
following: 

• Variations in blood supply. Most eonneetive 
tissues are well vascularized (that is, they have 
a good blood supply), but there are excep- 
tions. Tendons and ligaments have a poor 
blood supply, and eartilages are avascular. 
Consequently, all these structures heal very 
slowly when injured. (This is why some people 
say that, given a ehoiee, they would rather 
have a broken bone than a torn ligament.) 

• Extracellular matrix. Connective tissues are 
made up of many different types of eells plus 
varying amounts of a nonliving substance found 
outside the eells, ealled the extracellular matrix. 

Extracellular Matrix 

The extracellular matrix deserves a bit more ex- 
planation because it is what makes eonneetive tis- 
sue so different from the other tissue types. The 
matrix, which is produced by the eonneetive tissue 
eells and then seereted to their exterior, has two 
main elements, a structureless ground substance 
and fibers. The gronnd substance of the matrix is 
eomposed largely of water plus some adhesion 
proteins and large, eharged polysaeeharide mole- 
cules. The eell adhesion proteins serve as a glue 
that allows the eonneetive tissue eells to attaeh 
themselves to the matrix fibers embedded in the 
ground substance. The eharged polysaeeharide 
molecules trap water as they intertwine. As these 
polysaeeharides beeome more abundant, they cause 
the matrix to vary from fluid to gel-like to firm in 
its eonsisteney. 

Depending on the eonneetive tissue type, vari- 
ous types and amounts of fibers are deposited in 
the matrix and form part of it. These include eolla- 
gen (white) fibers distinguished by their high ten- 
sile strength, elastie (yellow) fibers (which have 
the ability to be stretehed and then reeoil), and 
reticular fibers (fine eollagen fibers that form the 
internal “skeleton” of soft organs such as the 
spleen). The building bloeks, or monomers , of 


these fibers are made by the eonneetive tissue 
eells and seereted into the ground substance in the 
extracellular spaee, where they join together to 
form the various fiber types. 

Because of its extracellular matrix, eonneetive 
tissue is able to form a soft paeking tissue around 
other organs, to bear weight, and to withstand 
stretehing and other abuses, such as abrasion, that 
no other tissue could endure. But there is varia- 
tion. At one extreme, fat tissue is eomposed 
mostly of eells, and the matrix is soft. At the oppo- 
site extreme, bone and eartilage have very few 
eells and large amounts of hard matrix, which 
makes them extremely strong. Find the various 
types of eonneetive tissues in Figure 3.19 as you 
read their deseriptions, which follow. 

Types of Connective Tissue 

As noted above, all eonneetive tissues eonsist of 
living eells surrounded by a matrix. Their major 
differenees refleet speeifie eell types, fiber types, 
and the number of fibers in the matrix. From most 
rigid to softest or most fluid, the major eonneetive 
tissue elasses are bone, eartilage, dense eonneetive 
tissue, loose eonneetive tissue, and blood. 

Bone 

Bone, sometimes ealled osseous (os'e-us) tissue, is 
eomposed of osteoeytes (bone eells) sitting in eavi- 
ties ealled lacunae (lah-ku'ne; “pits”) and sur- 
rounded by layers of a very hard matrix that 
eontains calcium salts in addition to large numbers 
of eollagen fibers (Figure 3.19a). Because of its 
roeklike hardness, bone has an exceptional ability 
to proteet and support other body organs (for 
example, the skull proteets the brain). 

Oartilage 

Cartilage is less hard and more fiexible than bone. 
Its major eell type is ehondroeytes (eartilage eells). 
It is found in only a few plaees in the body. Most 
widespread is hyaline (hi'ah-lin) eartilage, which 
has abundant eollagen fibers hidden by a mbbery 
matrix with a glassy ( hyalin = glass), blue-white ap- 
pearanee (Figure 3.19b). It forms the supporting 
stmctures of the larynx, or voiee box, attaehes the 
ribs to the breastbone, and eovers the ends of many 
bones, where they form joints. The skeleton of a fe- 
tus is made largely of hyaline eartilage; but by the 
time the baby is born, most of that eartilage has 

(Continues on page 96) 
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(a) Diagram: Bone 


Photomierograph: Cross-sectional view 
of ground bone (300x). 
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(b) Diagram: Hyaline eartilage Photomierograph: Hyaline eartilage 

from the traehea (500x). 
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(e) Diagram: Fibroeartilage 


Photomierograph: Fibroeartilage of an 
intervertebral dise (110x). 


Figure 3.19 Oonneetive tissues and their eommon body loeations. 
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(d) Diagram: Dense fibrous 


Photomierograph: Dense fibrous eonneetive tissue 
from atendon (500x). 
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(e) Diagram: Areolar 
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Photomierograph: Areolar eonneetive tissue, a 
soft paekaging tissue of the body (300x). 
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(f) Diagram: Adipose 


Photomierograph: Adipose tissue from the 
subcutaneous layer beneath the skin (430x) 


Figure 3.19 (continued) (e and f are subclasses of loose eonneetive tissues.) 


(Continues on page 96) 






















































































































96 


Essentials of Hiiman Anatomy and Physiology 



Spleen 


Reticular 

eell 


Blood 

eell 


Reticular 

fibers 



White blood eell 
(lymphoeyte) 

Reticular fibers 


(g) Diagram: Reticular 


Photomierograph: Dark-staining netvvork 
of reticular eonneetive tissue (430x). 
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(h) Diagram: Blood 


Photomierograph: Smear of human blood (1300x) 


Figure 3.19 (continued) Connective tissues and their eommon body loeations. 

(g is a subclass of loose eonneetive tissue.) 


been replaeed by bone. The exceptions include the 
epiphyseal, or growth, plates in long bones, which 
allow the bones to grow in length during youth. 

Although hyaline eartilage is the most abun- 
dant type of eartilage in the body, there are others. 
Highly eompressible fìbroeartilage forms the 
cushionlike disks between the vertebrae of the 
spinal column (Figure 3-19c). Elastie eartilage is 
found in structures with elastieity. For example, it 
supports the external ear. (Elastie eartilage is not 
illustrated in Figure 3-19-) 


Dense Connective Tissue 

Dense eonneetive tissue, also ealled dense fì- 
brous tissue, has eollagen fibers as its main ma- 
trix element (Figure 3.19d). Crowded between 
the eollagen fibers are rows of fibroblasts (fiber- 
forming eells) that manufacture the building 
bloeks of the fibers. Dense eonneetive tissue forms 
strong, ropelike structures such as tendons and 
ligaments. Tendons attaeh skeletal muscles to 
bones; ligaments eonneet bones to bones at 
joints. Ligaments are more stretehy and eontain 
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more elastie fibers than tendons. Dense eonnee- 
tive tissue also makes up the lower layers of the 
skin (dermis), where it is arranged in sheets. 

Loose Connective Tissue 

Relatively speaking, loose eonneetive tissues are 

softer and have more eells and fewer fibers than 
any other eonneetive tissue type except blood. 

Areolar TÌSSlie Areolar (ah-re'o-lar) tissue, the 

most widely distributed eonneetive tissue variety 
in the body, is a soft, pliable, “cobwebby” tissue 
that cushions and proteets the body organs it 
wraps (Figure 3.19e). It functions as a universal 
paeking tissue and eonneetive tissue “glue” be- 
cause it helps to hold the internal organs together 
and in their proper positions. A soft layer of areo- 
lar eonneetive tissue ealled the lamina propria 
(lah'mí-nah pro'pre-ah) underlies all mucous 
membranes. Its fluid matrix eontains all types of 
fibers, which form a loose network. In faet, when 
viewed through a mieroseope, most of the matrix 
appears to be empty spaee, which explains the 
name of this tissue type (< areola = small open 
spaee). Because of its loose and fluid nature, areo- 
lar eonneetive tissue provides a reservoir of water 
and salts for the surrounding tissues, and essen- 
tially all body eells obtain their nutrients from and 
release their wastes into this a tissue fluid.” When a 
body region is inflamed, the areolar tissue in the 
area soaks up the excess fluid like a sponge, and 
the area swells and beeomes puffy, a eondition 
ealled edema. Many types of phagoeytes wander 
through this tissue, seavenging for baeteria, dead 
eells, and other debris, which they destroy. 

Adipose TÌSSlie Adipose (ad'í-pòs) tissue is eom- 
monly ealled fat. Basieally, it is an areolar tissue in 
which adipose (fat) eells predominate (Figure 3.190. 
A glistening droplet of oil occupies most of a fat 
eell’s volume and eompresses the nucleus, displae- 
ing it to one side. Because the oil-eontaining region 
looks empty and the thin rim of eytoplasm eontain- 
ing the bulging nucleus looks like a ring with a seal, 
fat eells are sometimes ealled signet ring eells. 

Adipose tissue forms the subcutaneous tissue 
beneath the skin, where it insulates the body and 
proteets it from bumps and extremes of both heat 
and eold. Adipose tissue also proteets some or- 
gans individually—the kidneys are surrounded 
by a capsule of fat, and adipose tissue cushions 
the eyeballs in their soekets. There are also fat 


“depots” in the body, such as the hips and 
breasts, where fat is stored and available for fuel 
if needed. 

Retiailar Oonneetive Tissiie Reticular eonnee- 

tive tissue eonsists of a delieate network of inter- 
woven reticular fibers assoeiated with retienlar eells, 
which resemble fibroblasts (Figure 3.19g). Reticular 
tissue is limited to eertain sites: It forms the stroma 
(literally, “bed” or “mattress”), or internal frame- 
work, which ean support many free blood eells 
(largely lymphoeytes) in lymphoid organs such as 
lymph nodes, the spleen, and bone marrow. 

Blood 

Blood, or vasenlar tissne, is eonsidered a eonnee- 
tive tissue because it eonsists of hlood eells sur- 
rounded by a nonliving, fluid matrix ealled hlood 
plasma (Figure 3.19h). The “fibers” of blood are 
sohible protein molecules that beeome visible 
only during blood elotting. Still, we must reeog- 
nize that blood is quite atypieal as eonneetive tis- 
sues go. Blood is the transport vehiele for the 
cardiovascular system, earrying nutrients, wastes, 
respiratory gases, and many other substances 
throughout the body. We eonsider blood in detail 
in ehapter 10. 

DID YOU GET IT 

30. How do eonneetive tissues differ from other tissues? 

31. John wants to beeome a professional basketball 
player but he is short for his age. Unfortunately his 
epiphyseal plates have already fused. Why is this 
unfortunate for John? 

For answers, see Appendix D. 

Muscle Tissue 

Muscle tissues are highly speeialized to eontraet, 
or shorten, to produce movement. 

Types of Muscle Tissue 

The three types of muscle tissue are illustrated in 
Figure 3.20. Notiee their similarities and differ- 
enees as you read through their deseriptions. 

Skeletal Muscle 

Skeletal muscle tissue is paekaged by eonneetive 
tissue sheets into organs ealled skeletal mnseles, 
which are attaehed to the skeleton. These muscles, 








Cell division typieally yields two daughter eells, eaeh with one nucleus. How is 
the multinuclear eondition of skeletal muscle explained? 



(a) Diagram: Skeletal muscle 
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Part of miisele 
fiber 


Photomierograph: Skeletal muscle (approx. 300x). 
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(b) Diagram: Cardiac muscle 


Photomierograph: Cardiac muscle (430x). 
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muscle eell 
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(e) Diagram: Smooth muscle 


Photomierograph: Sheet of smooth muscle (approx. 300x) 


Figure 3.20 Types of muscle tissue and their eommon loeations in the body. 
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which ean be eontrolled voluntarily (or eon- 
sciously), form the flesh of the body, the so-ealled 
muscular system (see ehapter 6). When the skele- 
tal muscles eontraet, they pull on bones or skin. 
As a result, gross body movements or ehanges in 
our faeial expressions occur. The eells of skeletal 
muscle are long, eylindrieal, multinucleate, and 
they have obvious striations (stripes). Because 
skeletal muscle eells are elongated to provide a 
long axis for eontraetion, they are often ealled 
nmselefibers . 

Cardiac Muscle 

Cardiac muscle, eovered in more detail in 
ehapter 11, is found only in the heart. As it eon- 
traets, the heart aets as a pump and propels 
blood through the blood vessels. Like skeletal 
muscle, eardiae muscle has striations, but ear- 
diae eells are uninucleate, relatively short, 
branehing eells that fit tightly together (like 
elasped fingers) at junctions ealled interealated 
dises. These interealated dises eontain gap 
junctions that allow ions to pass freely from eell 
to eell, resulting in rapid conduction of the 
exciting eleetrieal impulse aeross the heart. 
Cardiac muscle is under involuntary eontrol, 
which means that we eannot consciously 
eontrol the aetivity of the heart. (There are, 


however, rare individuals who elaim they have 
such an ability.) 

Smooth Muscle 

Smooth, or viseeral, muscle is so ealled because 
no striations are visible. The individual eells have 
a single nucleus and are spindle-shaped (pointed 
at eaeh end). Smooth muscle is found in the walls 
of hollow organs such as the stomaeh, uterus, and 
blood vessels. As smooth muscle in its walls eon- 
traets, the eavity of an organ alternately beeomes 
smaller (eonstriets when smooth muscle eontraets) 
or enlarges (dilates when smooth muscle relaxes) 
so that substances are propelled through the organ 
along a speeifie pathway. Smooth muscle eontraets 
much more slowly than the other two muscle 
types. Peristalsis (per"i-stal'sis), a wavelike motion 
that keeps food moving through the small intes- 
tine, is typieal of its aetivity. 

Nervoiis Tissue 

When we think of nervous tissue, we think of 
eells ealled neurons. All neurons reeeive and eon- 
duct eleetroehemieal impulses from one part of the 
body to another; thus, irritability and eondnetivity 
are their two major functional eharaeteristies. The 
structure of neurons is unique (Figure 3.21). Their 
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Diagram: Nervous tissue 


Photomierograph: Neurons (150x) 


Figure 3.21 Nervous tissue. Neurons and supporting eells form the brain, spinal 
eord, and nerves. 
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Nervous tissue: Internal communication 
• Brain, spinal eord, and nerves 


Muscle tissue: Contracts to cause movement 

• Muscles attaehed to bones (skeletal) 

• Muscles of heart (eardiae) 

• Muscles of walls of hollow organs (smooth) 


Epithelial tissue: Forms boundaries between different 
environments, proteets, seeretes, absorbs, filters 

• Lining of Gl traet organs and other hollow organs 

• Skin surface (epidermis) 


Connective tissue: Supports, proteets, binds 
other tissues together 

• Bones 
•Tendons 

• Fat and other soft padding tissue 


Figure 3.22 Summary of the major functions and body loeations of the four 
tissue types: epithelial, eonneetive, muscle, and nervous tissues. 


eytoplasm is drawn out into long proeesses (exten- 
sions), as much as 3 feet or more in the leg, which 
allows a single neuron to conduct an impulse over 
long distanees in the body. 

However, the nervous system is more than just 
neurons. A speeial group of supporting eells ealled 
neuroglia insulate, support, and proteet the deli- 
eate neurons in the structures of the nervous 
system—the brain, spinal eord, and nerves. 

As noted earlier, Figure 3.22 summari2es the 
tissue types and functions in the body. 


Tissue Repair 
(Wound Healing) 

The body has many techniques for proteeting 
itself from uninvited guests or injury. Intaet physi- 
eal barriers such as the skin and mucous mem- 
branes, eilia, and the strong aeid produced by 
stomaeh glands are just three examples of body 
defenses exerted at the loeal tissue level. When 
tissue injury does occur, it stimulates the body’s 
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inflammatory and immune responses, and the 
healing proeess begins almost immediately. 
Inflammation is a generalized (nonspeeifie) body 
response that attempts to prevent fmther injury. 
The immune response, in eontrast, is extremely 
speeifie and mounts a vigorous attaek against ree- 
ognized invaders (baeteria, vimses, toxins). We 
eonsider these proteetive responses in detail in 
ehapter 12. Here we will eoneentrate on the 
proeess of tissue repair itself. 

Tissue repair, or wound healing, occurs in 
two major ways: by regeneration and by fibrosis. 
Regeneration is the replaeement of destroyed 
tissue by the same kind of eells, whereas 
fibrosis involves repair by dense (fibrous) eon- 
neetive tissue, that is, by the formation of sear 
tissne. Which occurs depends on (1) the type 
of tissue damaged and (2) the severity of the in- 
jury. Generally speaking, elean cuts (ineisions) 
heal much more successfully than ragged tears 
of the tissue. 

Tissue injury sets a series of events into motion: 

• Inflammation sets the stage. Injured tissue 
eells and others release inflammatory ehemi- 
eals that make the eapillaries very permeable. 
This allows fluid rieh in elotting proteins and 
other substances to seep into the injured area 
from the bloodstream. Then leaked elotting 
proteins eonstmet a elot, which stops the loss 
of blood, holds the edges of the wound to- 
gether, and walls off the injured area, prevent- 
ing baeteria or other harmful substances from 
spreading to surrounding tissues. Where the 
elot is exposed to air, it quickly dries and hard- 
ens, forming a seab. 

• Granulation tissue forms. Grarmlation tis- 
sue is a delieate pink tissue eomposed largely 
of new eapillaries that grow into the damaged 
area from undamaged blood vessels nearby. 
These eapillaries are fragile and bleed freely, 
as when a seab is pieked away from a skin 
wound. Granulation tissue also eontains 
phagoeytes that eventually dispose of the 
blood elot and eonneetive tissue eells (fibro- 
blasts) that produce the building bloeks of 
eollagen fibers (sear tissue) to permanently 
bridge the gap. 

• Regeneration and fibrosis effeet perma- 
nent repair. As the surface epithelium be- 
gins to regenerate, it makes its way aeross the 


granulation tissue just beneath the seab. The 
seab soon detaehes, and the final result is a 
fully regenerated surface epithelium that eov- 
ers an underlying area of fibrosis (the sear). 
The sear is either invisible or visible as a thin 
white line, depending on the severity of the 
wound. 

The ability of the different tissue types to 
regenerate varies widely. Epithelial tissues such as 
the skin epidermis and mucous membranes regen- 
erate beautifully. So, too, do most of the fibrous 
eonneetive tissues and bone. Skeletal muscle 
regenerates poorly, and eardiae muscle and ner- 
vous tissue within the brain and spinal eord are 
replaeed largely by sear tissue. 

H0ME0STATIC IMBALANCE 

Sear tissue is strong, but it laeks the 
flexibility of most normal tissues. Perhaps even 
more important is its inability to perform the nor- 
mal flanetions of the tissue it replaees. Thus, if sear 
tissue forms in the wall of the bladder, heart, or 
another muscular organ, it may severely hamper 
the functioning of that organ. ) 



DID YOU GET IT 



32 . VVhieh muscle type(s) is injured when you pull a 
muscle while exercising? 

33 . How does the extended length of a neuron’s 
proeesses aid its function in the body? 

For answers, see Appendix D. 


PARTIII: DEmOPMENm ASPECTS OF 
(ELLS AND TISSHES 

✓ Define neoplasm, and distinguish between benign and 
malignant neoplasms. 

Explain the signifieanee of the faet that some tissue 
types (muscle and nerve) are largely amitotie after the 
growth stages are over. 

We all begin life as a single eell, which divides 
thousands of times to form our multicellular em- 
bryonie body. Very early in embryonie develop- 
ment, the eells begin to speeialize to form the 
primary tissues, and by birth, most organs are well 
formed and functioning. The body continues to 
grow and enlarge by forming new tissue throughout 
ehildhood and adoleseenee. 




I\ OoserLook 



The word eaneer elieits dread in 
nearly everyone. Why does eaneer 
strike some and not others? Before 
attempting to answer that question, 
let’s define some terms. An abnormal 
eell mass that develops when 
eontrols of the eell eyele and eell 
division malfunction is ealled a 
neoplasm (“new growth”), or 
tiimor. However, not all neoplasms 
are cancerous. Benign (be-nTn’: 
“kindly”) neoplasms are strietly loeal 
affairs. They tend to be surrounded 
by a capsule, grow slowly, and 
seldom kill their hosts if they are 
removed before they eompress vital 
organs. In eontrast, malignant 
(“bad”) neoplasms (eaneers) are 
nonencapsulated masses that grow 
more relentlessly and may beeome 
killers. Their eells resemble 
immature eells, and they invade 
their surroundings rather than 
pushing them aside, as refleeted in 
the name eaneer, from the Latin 
word for “erab.” Normal eells 
beeome fatally “homesiek” and die 
when they lose eontaet with the 
surrounding matrix, but malignant 
eells tend to break away from the 
parent mass and spread via the 
blood to distant parts of the body, 
where they form new masses. This 
last eapability is ealled metastasis 
(mé-tas'tà-sis). Additionally, eaneer 
eells consume an exceptional 
amount of the body’s nutrients, 
leading to weight loss and tissue 
wasting that contributes to death. 

What causes transformation— the 
ehanges that eonvert a normal eell 
into a cancerous one? It is well 
known that radiation, meehanieal 
trauma, eertain viral infeetions, and 


many ehemieals (tobaeeo tars, 
saeeharine) ean aet as eareinogens 
(cancer-causers). What all of these 
faetors have in eommon is that they 
all cause mutations— ehanges in 
DNA that alter the expression of 
eertain genes. However, most 
eareinogens are eliminated by 
peroxisomal or lysosomal enzymes 
orthe immune system. Furthermore, 
one mutation doesn’t do it— 
apparently it takes a sequence of 
several genetie ehanges to ehange a 
normal eell to a full-fledged eaneer 
eell. See figure (a). 

Clues to the role of genes eame 
from the diseovery of oneogenes 
(cancer-causing [oneo = tumor] 
genes), and then proto-oneogenes. 
Proto-oneogenes eode for proteins 
that are needed for normal eell 
division and growth. However, many 
have fragile sites that break when 
they are exposed to eareinogens, 
and this event eonverts them into 
oneogenes. An example of a 
problem that might result from this 
eonversion is the switching on of 
dormant genes that allow eells to 
beeome invasive (an ability of 
embryonie eells—and eaneer eells— 
but not normal adult eells). However, 
oneogenes have been diseovered in 
only 15 to 20 pereent of human 
eaneers, so the more reeent 
diseovery of tumor suppressor 
genes, or antioneogenes, which 
work to suppress or prevent eaneer, 
was not too surprising. The tumor 
suppressor genes (such as p53 
and p16) aid DNA repair, put the 
“brakes” on eell division, help to 
inaetivate eareinogens, or enhanee 
the ability of the immune system to 


destroy eaneer eells. When the 
tumor suppressor genes are 
damaged or ehanged in some way, 
the oneogenes are free to “do their 
thing.” One of the best-understood 
of human eaneers, eolon eaneer, 
illustrates this prineiple; see figure 
(b). The first sign of some eolon 
eaneers is a polyp (benign tumor), 
which forms when the division rate 
of apparently normal eells of the 
eolon lining undergoes an unusual 
inerease. In time, a malignant 
neoplasm makes its appearanee 
at the site. In most eases, these 
ehanges parallel cellular ehanges at 
the DNA level and include aetivation 
of an oneogene and inaetivation 
of two tumor suppressor genes. 
Whatever the preeise genetie faetor 
at work, the seeds of eaneer do 
appear to be in our own genes. 
Thus, as you ean see, eaneer is an 
intimate enemy indeed. 

Almost half of all Amerieans 
develop eaneer in their lifetime, and 
a fifth of us will die of it. Cancer ean 
arise from almost any eell type, but 
the most eommon eaneers originate 
in the skin, lung, eolon, breast, and 
male prostate gland. Although 
ineidenee of stomaeh and eolon 
eaneer is down, skin and lymphoid 
eaneer rates are up. 

Sereening procedures, such as 
self-examination of the breasts or 
testieles for lumps and eheeking 
feeal samples for blood, aid in early 
deteetion of eaneers. Unfortunately, 
most eaneers are diagnosed only 
after symptoms (pain, bloody 
diseharge, lump, ete.) have already 
appeared. In this ease the 
diagnostie method most used is the 
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(a) Accumulation of mutations in the development of a eaneer eell. 
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(b) Stepwise development of a typieal eolon eaneer. 


biopsy. In a biopsy, a sample of the 
primary tumor is removed surgically 
(or by seraping) and examined 
mieroseopieally for structural 
ehanges typieal of malignant eells. 
Inereasingly, diagnosis is made by 
genetie or ehemieal analysis of the 
tissue samples, in which eaneer 
eells are typed to determine which 
genes are switched on or off or 
which drugs will be most effeetive. 
MRI and CT seans ean be used to 
deteet large eaneers. 

The treatment of ehoiee for either 
type of neoplasm is surgical removal. 
If surgery is not possible—as in 
eases where the eaneer has spread 
widely or is inoperable—radiation 
and drugs (ehemotherapy) are used. 
Antieaneer drugs have unpleasant 
side effeets because most target all 


rapidly dividing eells, including 
normal ones. The side effeets 
include nausea, vomiting, and loss of 
hair. X rays, even if highly loealized, 
also have side effeets because, in 
passing through the body, they kill 
healthy eells that lie in their path as 
well as eaneer eells. 

Current eaneer treatments—“cut, 
burn, and poison”—are reeognized 
as crude and painful. Promising new 
methods focus on the following: 

Delivering radiation or antieaneer 
drugs more preeisely to the 
eaneer (via monoelonal 
antibodies that respond to one 
type of protein on a eaneer eell). 

inereasing the immune system’s 
ability to fend off eaneer by using 
“handpieked” immune eells. 


Starving tumors by cutting off 
their ability to attraet a rieh blood 
supply. 

Destroying eaneer eells with 
vimses. 

Additionally, a eaneer vaeeine 
(TRICOM) is in elinieal trials. As 
techniques for diagnosing and 
treating eaneers beeome more and 
more speeifie, curing many types 
of eaneer beeomes inereasingly 
probable. At present, about half of 
eaneer eases are cured and the 
quality of life in eaneer patients has 
improved in the last deeade. 
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Cell division is extremely important during the 
body’s growth period. Most eells (except neurons) 
undergo mitosis until the end of puberty, when 
adult body size is reaehed and overall body 
growth ends. After this time, only eertain eells rou- 
tinely divide (are mitotie)—for example, eells ex- 
posed to abrasion that continually wear away, 
such as skin and intestinal eells. Liver eells stop di- 
viding; but they retain this ability should some of 
them die or beeome damaged and need to be re- 
plaeed. Still other eell groups (for example, heart 
muscle and nervous tissue) almost eompletely lose 
their ability to divide when they are fully mature; 
that is, they beeome amitotie (am"i-tot'ik). 
Amitotie tissues are severely handieapped by in- 
jury because the lost eells eannot be replaeed by 
the same type of eells. This is why the heart of an 
individual who has had several severe heart at- 
taeks beeomes weaker and weaker. Damaged ear- 
diae muscle does not regenerate and is replaeed 
by sear tissue that eannot eontraet, so the heart be- 
eomes less and less eapable of aeting as an effi- 
eient blood pump. 

The aging proeess begins onee maturity has 
been reaehed. (Some believe it begins at birth.) 
No one has been able to explain just what causes 
aging, but there have been many suggestions. 
Some believe it is a result of little “ehemieal in- 
sults,” which occur continually through life—for 
example, the presenee of toxic ehemieals (such as 
aleohol, eertain drugs, or earbon monoxide) in the 
blood, or the temporary absenee of needed sub- 
stanees such as glucose or oxygen. Perhaps the 
effeet of these ehemieal insults is cumulative and 
finally succeeds in upsetting the delieate ehemieal 
balanee of the body eells. Others think that exter- 
nal physieal faetors such as radiation (X rays or ul- 
traviolet waves) contribute to the aging proeess. 
Still another theory is that the aging “eloek” is ge- 
netieally programmed, or built into our genes. We 
all know of eases like the radiant woman of 50 who 
looks about 35 or the barely-out-of-adolescence 
man of 24 who looks 40. It appears that such traits 
ean mn in families. 

There is no question that eertain events are 
part of the aging proeess. For example, with age, 
epithelial membranes thin and are more easily 
damaged, and the skin loses its elastieity and be- 
gins to sag. The exocrine glands of the body (ep- 
ithelial tissue) beeome less aetive, and we begin 


to “dry out” as less oil, mucus, and sweat are pro- 
duced. Some endoerine glands produce deereas- 
ing amounts of hormones, and the body 
proeesses that they eontrol (such as metabolism 
and reproduction) beeome less effieient or stop 
altogether. 

Connective tissue structures also show 
ehanges with age. Bones beeome porous and 
weaken, and the repair of tissue injuries slows. 
Muscles begin to waste away. Although a poor 
diet may contribute to some of these ehanges, 
there is little doubt that deereased effieieney of 
the circulatory system, which reduces nutrient 
and oxygen delivery to body tissues, is a major 
faetor. 

Besides the tissue ehanges assoeiated with ag- 
ing, which aeeelerate in the later years of life, 
other modifieations of eells and tissues may occur 
at any time. For example, when eells fail to honor 
normal eontrols on eell division and multiply 
wildly, an abnormal mass of proliferating eells, 
known as a neoplasm (ne'o-plazm"; “new 
growth”), results. Neoplasms may be benign or 
malignant (cancerous). See “A Closer Look,” 
pp. 102-103, for more information on eaneer. 

However, not all inereases in eell number in- 
volve neoplasms. Certain body tissues (or organs) 
may enlarge because there is some loeal irritant or 
eondition that stimulates the eells. This response 
is ealled hyperplasia (hi"per-pla'ze-ah). For ex- 
ample, a woman’s breasts enlarge during preg- 
naney in response to inereased hormones; this is 
a normal but temporary situation that doesn’t 
have to be treated. In eontrast, atrophy (at'ro-fe), 
or deerease in size, ean occur in an organ or body 
area that loses its normal stimulation. For exam- 
ple, muscles that are not used or that have lost 
their nerve supply begin to atrophy and waste 
away rapidly. 

DID YOU GET IT 

34 . Which of the four types of tissue is most likely to 

remain mitotie throughout life? 

35 . What is a neoplasm? 

36 . How does the aetivity of endoerine glands ehange as 

the body ages? 

For answers, see Appendix D. 
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Srnnmary 

Aeeess more review material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included below. 

iP = interaetive Physiology 

P/IRT I: CELLS (pp. 63-87) 

Overview of the Cellular Basis of Life (pp. 63-64) 

1. A eell is eomposed primarily of four elements— 
earbon, hydrogen, oxygen, and nitrogen—plus 
many traee elements. Living matter is over 60 
pereent water. The major building material of the 
eell is protein. 

2. Cells vary in size from mieroseopie to over a me- 
ter in length. Shape often refleets function. For ex- 
ample, muscle eells have a long axis to allow 
shortening. 

Anatomy of a Generalized Cell (pp. 64-75) 

1. Cells have three major regions—nucleus, eyto- 
plasm, and plasma membrane. 

a. The nucleus, or eontrol eenter, direets eell aetiv- 
ity and is neeessary for reproduction. The nu- 
cleus eontains genetie material (DNA), which 
earries instmetions for synthesis of proteins. 

b. The plasma membrane limits and eneloses the 
eytoplasm and aets as a seleetive barrier to the 
movement of substances into and out of the eell. 
It is eomposed of a lipid bilayer eontaining pro- 
teins. The water-impermeable lipid portion 
forms the basie membrane structure. The pro- 
teins (many of which are glyeoproteins) aet as 
enzymes or earriers in membrane transport, form 
membrane ehannels, provide reeeptor sites for 
hormones and other ehemieals, or play a role in 
cellular reeognition and interaetions during de- 
velopment and immime reaetions. 

Speeializations of the plasma membrane in- 
clude mierovilli (which inerease the absorptive 
area) and eell junctions (desmosomes, tight junc- 
tions, and gap junctions). 

e. The eytoplasm is where most cellular aetivities 
occur. Its fluid substance, the eytosol, eontains 
inclusions, stored or inaetive materials in the ey- 
toplasm (fat globules, water vacuoles, erystals, 


and the like) and speeialized bodies ealled or- 
ganelles, eaeh with a speeifie function. For ex- 
ample, mitoehondria are sites of ATP synthesis, 
ribosomes are sites of protein synthesis, and the 
Golgi apparatus paekages proteins for export 
from the eell. Lysosomes earry out intracellular 
digestion, and peroxisomes disarm dangerous 
ehemieals in the eells. Cytoskeletal elements 
function in cellular support and motion. The 
eentrioles play a role in eell division and form 
the bases of eilia and flagella. 

Cell Physiology (pp. 75-87) 

1. All eells exhibit irritability, digest foods, excrete 
wastes, and are able to reproduce, grow, move, 
and metabolize. 

2. Transport of substances through the eell mem- 
brane: 

a. Passive proeesses include diffusion and filtration. 

(1) Diffusion is the movement of a substance from 
an area of its higher eoneentration to an area 
of its lower eoneentration. It occurs because of 
kinetie energy of the molecules themselves. 
The diffiision of dissolved solutes through the 
plasma membrane is simple diffusion. The dif- 
fusion of water aeross the plasma membrane is 
osmosis. Diffusion that requires a protein 
ehannel or earrier is faeilitated diffusion. 

(2) Filtration is the movement of substances 
through a membrane from an area of high 
hydrostatie pressure to an area of lower fluid 
pressure. In the body, the driving foree of 
filtration is blood pressure. 

b. Aetive proeesses (aetive transport and vesicular 
transport) use energy (ATP) provided by the eell. 

(1) In aetive transport, substances are moved 
aeross the membrane against an eleetrieal or 
a eoneentration gradient by proteins ealled 
solute pumps. This accounts for the transport 
of amino aeids, some sugars, and most ions. 

(2) The two types of ATP-aetivated vesicular 
transport are exocytosis and endoeytosis. 
Exocytosis moves seeretions and other sub- 
stanees out of eells; a membrane-bounded 
vesiele fuses with the plasma membrane, mp- 
tures, and ejeets its eontents to the eell exte- 
rior. Endoeytosis, in which partieles are taken 
up by enclosure in a plasma membrane sae, 
includes phagoeytosis (uptake of solid parti- 
eles), pinoeytosis (uptake of fluids), and the 
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highly seleetive reeeptor-mediated endoey- 
tosis. In the latter, membrane reeeptors bind 
with and internalize only seleeted target 
molecules. 

3. Osmotie pressure, which refleets the solute eon- 
eentration of a solution, determines whether eells 
gain or lose water. (Discussion in “A Closer Look” 
on p. 84.) 

a. Hypertonie solutions eontain more sohites (and 
less water) than do eells. In these solutions, eells 
lose water by osmosis and erenate. 

b. Hypotonie solutions eontain fewer solutes (and 
more water) than do the eells. In these solutions, 
eells swell and may rupture (lyse) as water 
mshes in by osmosis. 

e. Isotonie solutions, which have the same solute- 
to-solvent ratio as eells, cause no ehanges in eell 
size or shape. 

4. Cell division has two phases, mitosis (nuclear divi- 
sion) and eytokinesis (division of the eytoplasm). 

a. Mitosis begins after DNA has been replieated 
(during interphase); it eonsists of four stages— 
prophase, metaphase, anaphase, and telophase. 
The result is two daughter nuclei, eaeh identieal 
to the mother nucleus. 

b. Cytokinesis usually begins during anaphase and 
progressively pinehes the eytoplasm in half. 
Cytokinesis does not always occur; in such eases 
bi- or multinucleate eells result. 

e. Mitotie eell division provides an inereased num- 
ber of eells for growth and repair. 

3. Protein synthesis involves both DNA (the genes) 
and RNA. 

a. A gene is a segment of DNA that earries the in- 
stmetions for building one protein. The informa- 
tion is in the sequence of bases in the nucleotide 
strands. Eaeh three-base sequence (triplet) spee- 
ifies one amino aeid in the protein. 

b. Messenger RNA earries the instmetions for pro- 
tein synthesis from the DNA (gene) to the ribo- 
somes. Transfer RNA transports amino aeids to 
the ribosomes. Ribosomal RNA forms part of the 
ribosomal structure and helps eoordinate the 
protein building proeess. 

P/IRT II: BODYTISSLIES ( PP . 87 -ioi) 

1. Epithelmm is the eovering, lining, and glandular 
tissue. Its functions inehide proteetion, absorption, 
and seeretion. Epithelia are named aeeording to 
arrangement (simple, stratified) and eell shape 
(squamous, cuboidal, columnar). 


2. Connective tissue is the supportive, proteetive, and 
binding tissue. It is eharaeterized by the presenee 
of a nonliving, extracellular matrix (ground sub- 
stanee plus fibers) produced and seereted by the 
eells; it varies in amount and eonsisteney. Fat, liga- 
ments and tendons, bones, and eartilage are all 
eonneetive tissues or eonneetive tissue structures. 

3. Muscle tissue is speeialized to eontraet, or 
shorten, which causes movement. There are three 
types—skeletal (attaehed to the skeleton), eardiae 
(forms the heart), and smooth (in the walls of 
hollow organs). 

4. Nervous tissue is eomposed of irritable eells ealled 
neurons, which are highly speeialized to reeeive 
and transmit nerve impulses, and supporting eells 
ealled neuroglia. Neurons are important in eontrol 
of body proeesses. Nervous tissue is loeated in 
nervous system structures—brain, spinal eord, and 
nerves. 

3. Tissue repair (wound healing) may involve regen- 
eration, fibrosis, or both. In regeneration, the in- 
jured tissue is replaeed by the same type of eells. 
In fibrosis, the wound is repaired with sear tissue. 
Epithelia and eonneetive tissues regenerate well. 
Mature eardiae muscle and nervous tissue are re- 
paired by fibrosis. 

P/IRTIII: DEI/ELOPMEI\im /ISPEETS OF CEUS 

/ll\ID TISSHES (PP . 101-104) 

1. Growth through eell division continues through 
puberty. Cell populations exposed to frietion 
(such as epithelmm) replaee lost eells throughout 
life. Connective tissue remains mitotie and forms 
repair (sear) tissue. With some exceptions, muscle 
tissue beeomes amitotie by the end of puberty, 
and nervous tissue beeomes amitotie shortly after 
birth. Amitotie tissues are severely handieapped 
by injury. 

2. The cause of aging is unknown, but ehemieal and 
physieal insults, as well as genetie programming, 
are suggested. 

3. Neoplasms, both benign and cancerous, repre- 
sent abnormal eell masses in which normal 
eontrols on eell division are not working. 
Hyperplasia (inerease in size) of a tissue or organ 
may occur when tissue is strongly stimulated or 
irritated. Atrophy (deerease in size) of a tissue or 
organ occurs when the organ is no longer stimu- 
lated normally. 
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Rei/ieM/ Questions 

Multíple Choice 

More than one ehoiee may apply. 

1. Which of the following would you expect to find in 
or on eells whose main function is absorption? 

a. Mierovilli e. Gap junctions 

b. Cilia d. Seeretory vesieles 

2. Adult eell types you might expect to have gap junc- 
tions include 

a. skeletal muscle. e. heart muscle. 

b. bone. d. smooth muscle. 

3. Which of the following are possible functions of 
the glyeoproteins in the plasma membrane? 

a. Determination of blood groups 

b. Binding sites for toxins or baeteria 
e. Aiding the binding of sperm to egg 

d. inereasing the effieieney of absorption 

4. A eell with abundant peroxisomes would most 
likely be involved in 

a. seeretion. d. movement. 

b. storage of glyeogen. e. detoxification aetivities. 

e. ATP manufacture. 

3. A eell stimulated to inerease its steroid production 
will have abundant 

a. ribosomes. d. Golgi apparatus. 

b. rough ER. e. seeretory vesieles. 

e. smooth ER. 

6. For diffusion to occur, there must be 

a. a seleetively permeable membrane. 

b. equal amounts of solute. 
e. a eoneentration differenee. 

d. some sort of earrier system. 

e. all of the above. 

7. In which of the following tissue types might you 
expect to find goblet eells? 

a. Simple cuboidal d. Stratified squamous 

b. Simple columnar e. Transitional 

e. Simple squamous 

8. An epithelmm a built” to withstand frietion is 

a. simple squamous. d. simple columnar. 

b. stratified squamous. e. pseudostratified. 

e. simple cuboidal. 


9. What kind of eonneetive tissue aets as a sponge, 
soaking up fluid when edema occurs? 

a. Areolar eonneetive 

b. Adipose eonneetive 

e. Dense irregular eonneetive 

d. Reticular eonneetive 

e. Vascular 

10. What type of eonneetive tissue prevents rmiseles 
from pulling away from bones during eontraetion? 

a. Dense eonneetive e. Elastie eonneetive 

b. Areolar d. Hyaline eartilage 

11. Which of the following terms deseribe eardiae 
muscle? 

a. Striated d. Invohintary 

b. interealated dises e. Branehing 

e. Multinucleated 

12. Cancer is the same as 

a. all tumors. 

b. all neoplasms. 

e. all malignant neoplasms. 

d. benign tumors. 

e. AIDS. 

Short Ansvver Essay 

13. Define eell and organelle. 

14. Although eells have differenees that refleet their 
speeial functions in the body, what functional abili- 
ties do all eells exhibit? 

13. Deseribe the speeial function of DNA found in the 
nucleus. What nuclear structures eontain DNA? 
Help to form ribosomes? 

16. Deseribe the general structure and function of the 
plasma membrane. 

17. Name the eelhilar organelles, and explain the func- 
tion of eaeh. 

18. What two structural eharaeteristies of eell mem- 
branes determine whether substances ean pass 
through them passively? What determines whether 
or not a substance ean be aetively transported 
through the membrane? 

19- Explain the effeet of the following sohitions on liv- 
ing eells: hypertonie, hypotonie, and isotonie. 

20. Briefly deseribe the proeess of DNA replieation. 

21. Define mitosis. Why is mitosis important? 
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22. What is the role of the spindle in mitosis? 

23. How do ehromosomes relate to ehromatin? 

24. Why ean an organ be permanently damaged if its 
eells are amitotie? 

23. Deseribe the relative roles of DNA and RNA in pro- 
tein synthesis. 

26. Define tissne. List the four major types of tissue. 
Which of these types is most widely distributed in 
the body? 

27. Deseribe the general eharaeteristies of epithelial tis- 
sue. List the most important functions of epithelial 
tissues, and give examples of eaeh. 

28. Where is eiliated epithelium found, and what role 
does it play? 

29. What are the general structural eharaeteristies of 
eonneetive tissues? What are the functions of eon- 
neetive tissues? How are their functions refleeted in 
their structures? 

30. Name a eonneetive tissue with (1) a soft fluid ma- 
trix, and (2) a stony hard matrix. 

31. What is the function of muscle tissue? 

32. Tell where eaeh of the three types of muscle tis- 
sue would be found in the body. What is meant 
by the statement, “Smooth muscles are involuntary 
in aetion”? 

33. How does tissue healing by fibrosis differ from 
healing by regeneration? Which is more desirable 
and why? 

34. Define atrophy. 


Critical Thinking and 
dinieal Applieation 
Questions 

33. Two examples of chemotherapeutic dmgs (used to 
treat eaneer) and their cellular aetions are given be- 
low. Explain why eaeh dmg could be fatal to a eell. 

• Vineristine: damages the mitotie spindle. 

• Doxorubicin: binds to DNA and bloeks messen- 
ger RNA synthesis. 

36. Hydroeortisone is an anti-inflammatory dmg that 
stabilizes lysosomal membranes. Explain how this 
effeet reduces eell damage and inflammation. 

37. John has severely injured his knee during football 
praetiee. He is told that he has a torn knee eartilage 
and to expect that reeovery and repair will take a 
long time. Why will it take a long time? 

38. Three patients in an intensive eare unit are exam- 
ined by the resident doetor. One patient has brain 
damage from a stroke, another had a heart attaek 
that severely damaged his heart muscle, and the 
third has a severely damaged liver (a gland) from a 
emshing injury in a ear aeeident. All three patients 
have stabilized and will survive, but only one will 
have full functional reeovery through regeneration. 
Which one and why? 

39. Kareem had a nervous habit of chewing on the in- 
ner lining of his lip with his front teeth. The lip grew 
thieker and thieker from years of continual irritation. 
Kareem’s dentist notieed his greatly thiekened lip, 
then told him to have it eheeked to see if the thiek- 
ening was a tumor. A biopsy revealed hyperplasia, 
but no evidenee of neoplasia. What do these terms 
mean? Did Kareem have eaneer of the mouth? 








FHNlTION prei/ieia/ 

Body membranes line or eover, proteet, and lubricate body surfaces. 

As the outermost boundary of the body, the skin proteets against injuries 
of many types. 


Body membranes eover siirfaees, line body eavi- 

ties, and form proteetive (and often lubricating) 
sheets around organs. They fall into two major 
groups: (1) epithelial membranes, which include 
the cutaneous, mucous, and serous membranes; 
and (2) eonneetive tissue membranes, represented 
by synovial membranes. The cutaneous mem- 
brane, generally ealled the skin or integumentary 
system, will reeeive most of our attention in this 
ehapter, but first we will eonsider the other body 
membranes. 


Classification 
of Body Membranes 

List the general functions of eaeh membrane type— 
cutaneous, mucous, serous, and synovial—and give 
its loeation in the body. 

Compare the structure (tissue makeup) of the major 
membrane types. 

The two major eategories of body membranes— 
epithelial and eonneetive tissue—are elassified in 
part aeeording to their tissue makeup. 
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Epithelial Membranes 

The epithelial membranes, also ealled eovering 
and lining membranes, include the cutaneous 
membrane (skin), the mucous membranes, and 
the serous membranes (Figure 4.1). However, eall- 
ing these membranes “epithelial” is not only mis- 
leading but also inaccurate. Although they all do 
eontain an epithelial sheet, it is always eombined 
with an underlying layer of eonneetive tissue. 
Henee these membranes are actually simple organs. 
Because we will discuss the skin in some detail 
shortly, we will list it here solely as a subcategory 
of the epithelial membranes. 

Cutaneous Membrane 

The cutaneous (ku-ta'ne-us) membrane is your 
skin. Its superficial epidermis is eomposed of a 
keratinizing stratified squamous epithelium. The 
underlying dermis is mostly dense (fibrous) eon- 
neetive tissue. Unlike the other epithelial mem- 
branes, the cutaneous membrane is exposed to air 
and is a dry membrane. 

Mucous Membranes 

A mucous (myu'kus) membrane (mucosa) is 

eomposed of epithelium (the type varies with the 
site) resting on a loose eonneetive tissue membrane 
ealled a lamina propria. This membrane type lines 
all body eavities that open to the exterior, such as 
those of the hollow organs of the respiratory, diges- 
tive, urinary, and reproductive traets (Figure 4.1b). 
Notiee that the term mneosa refers only to the loea- 
tion of the epithelial membranes, not their cellular 
makeup, which varies. However, most mucosae 
eontain either stratified squamous epithelium (as in 
the mouth and esophagus) or simple columnar ep- 
ithelium (as in the rest of the digestive traet). In all 
eases, they are a wet,” or moist, membranes that are 
almost continuously bathed in seeretions or, in the 
ease of the urinary mucosae, urine. 

The epithelimn of mucosae is often adapted 
for absorption or seeretion. Although many mu- 
eosae seerete mucus, not all do. The mucosae of 
the respiratory and digestive traets seerete large 
amounts of proteetive, lubricating mucus; that of 
the rninary traet does not. 

Serous Membranes 

A serous membrane (serosa) is eomposed of a 
layer of simple squamous epithelium resting on a 


thin layer of areolar eonneetive tissue. In eontrast 
to mucous membranes, which line open body eav- 
ities, serous membranes line body eavities that are 
elosed to the exterior (except for the dorsal body 
eavity and joint eavities). 

Serous membranes occur in pairs (Figure 
4.1c). The parietal (pah-ri'e-tal: parie = wall) layer 
lines a speeifie portion of the wall of the ventral 
body eavity. It folds in on itself to form the 
viseeral (vis'er-al) layer, which eovers the outside 
of the organs in that eavity. 

You ean visualize the relationship between the 
serosal layers by pushing your fist into a limp bal- 
loon only partially filled with air or water (Figure 
4.1d). The part of the balloon that elings to your 
fist ean be eompared to the viseeral serosa eling- 
ing to the organ’s external surface. The outer wall 
of the balloon represents the parietal serosa that 
lines the walls of the eavity and that, unlike the 
balloon, is never exposed but is always fused to 
the eavity wall. In the body, the serous layers are 
separated not by air but by a seanty amount of 
thin, elear fluid, ealled serous fluid, which is se- 
ereted by both membranes. Although there is a 
potential spaee between the two membranes, they 
tend to lie very elose to eaeh other. 

The serous fluid allows the organs to slide eas- 
ily aeross the eavity walls and one another without 
frietion as they earry out their routine functions. 
This is extremely important when mobile organs 
such as the pumping heart and a churning stom- 
aeh are involved. 

The speeifie names of the serous membranes 
depend on their loeations. The serosa lining the 
abdominal eavity and eovering its organs is the 
peritoneum (per"i-to-ne'um). In the thorax, serous 
membranes isolate the lungs and heart from one 
another. The membrane surrounding the lungs 
(Figure 4.1c) is the pleura (ploo'rah); that around 
the heart is the pericardium (per"i-kar'de-um). 

Connective Tissue Membranes 

Synovial (sí-no've-al) membranes are eomposed 
of soft areolar eonneetive tissue and eontain no 
epithelial eells at all. These membranes line the 
fibrous capsules surrounding joints (Figure 4.2), 
where they provide a smooth surface and seerete 
a lubricating fluid. They also line small saes of 
eonneetive tissue ealled bnrsae (ber'se) and the 
tubelike tendon sheaths. Both of these structures 
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(a) Cutaneous membrane (the skin) 
eovers the body surface. 



Mucosa of 
nasal eavity 

Mucosa of 
mouth 

Esophagus 

lining 


Mucosa of 
lung bronehi 



(b) Mucous membranes line body eavities 
open to the exterior. 


Parietal 

peritoneum 

Viseeral 

peritoneum 



Parietal Viseeral 
pericardium pericardium 


(e) Serous membranes line body eavities 
elosed to the exterior. 


Parietal 

pleura 

Viseeral 

pleura 



Outer balloon wall 
(eomparable to parietal serosa) 

Air (eomparable to serous eavity) 

Inner balloon wall 
(eomparable to viseeral serosa) 


(d) A fist thrnst into a flaeeid balloon demonstrates 
the relationship between the parietal and viseeral 
serous membrane layers. 


Figure 4.1 dasses of epithelial membranes. 
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Figure 4.2 A typieal synovial joint. 


cushion organs moving against eaeh other during 
muscle aetivity—such as the movement of a ten- 
don aeross a bone’s surface. 


DfD YOU GET IT 

1. How do the body loeations of serous and mucous 
membranes differ? 

2. A sealpel penetrates the left lung and enters the heart. 
Name the six serous membrane layers the blade 
passes through as it moves from the body surface 
into the heart. 

3. Where would you find a synovial membrane? 

For ansvvers, see Appendix D. 



The Integiimentary 
System (Skin) 

List several important functions of the integumentary 
system, and explain how these functions are 
aeeomplished. 

When provided with a model or diagram of the 
skin, reeognize and name the following skin 


structures: epidermis, dermis (papillary and reticular 
layers), hair and hair folliele, sebaceous gland, and 
sweat gland. 

✓ Name the layers of the epidermis, and deseribe the 
eharaeteristies of eaeh. 

Would you be entieed by an advertisement for a 
eoat that is waterproof, stretehable, washable, and 
permanent-press, that invisibly repairs small cuts, 
rips, and burns, and that is guaranteed to last a 
lifetime with reasonable eare? Sounds too good to 
be tme, but you already have such a eoat—your 
cutaneous membrane, or skin. The skin and its 
derivatives (sweat and oil glands, hair, and nails) 
serve a number of functions, mostly proteetive. 
Together, these organs are ealled the integ- 
umentary (in-teg"u-men'ta-re) system. 

Functions of the 
lntegumentary System 

Also ealled the integument (in-teg'u-ment), which 
simply means “eovering,” the skin multitasks. Its 
functions go well beyond serving as a large opaque 
bag for body eontents. It is absolutely essential be- 
cause it keeps water and other precious molecules 
in the body. It also keeps water (and other things) 
out. (This is why you ean swim for hours without 
beeoming waterlogged.) Structurally, the skin is a 
marvel. It is pliable yet tough, which allows it to 
take eonstant punishment from external agents. 
Without our skin, we would quickly fall prey to 
baeteria and perish from water and heat loss. 

The integumentary system performs a variety of 
functions; most, but not all, proteetive (Table 4.1). It 
insulates and cushions the deeper body organs and 
proteets the entire body from meehanieal damage 
(bumps and cuts), ehemieal damage (such as from 
aeids and bases), thermal damage (heat and eold), 
ultraviolet radiation (in sunlight), and baeteria. The 
uppermost layer of the skin is full of keratin and is 
eornified, or hardened, to help prevent water loss 
from the body surface. 

The skin’s rieh eapillary network and sweat 
glands (both eontrolled by the nervous system) 
play an important role in regulating heat loss from 
the body surface, as deseribed in Figure 14.24 
(p. 501). The skin aets as a mini-excretory system; 
urea, salts, and water are lost when we sweat. The 
skin is also a ehemieal plant; it manufactures sev- 
eral proteins important to immunity and synthe- 
sizes vitamin D. (Modified eholesterol molecules 
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Table 4.1 Functions of the lntegumentary System 

Functions 

How aeeomplished 

Proteets deeper tissues from 


• Meehanieal damage 
(bumps) 

Physieal barrier eontains keratin, which toughens eells; fat eells to 
cushion blows; and pressure reeeptors, which alert the nervous 
system to possible damage. 

• ehemieal damage 
(aeids and bases) 

Has relatively impermeable keratinized eells; eontains pain reeeptors, 
which alert the nervous system to possible damage. 

• Baeterial damage 

Has an unbroken surface and “aeid mantle” (skin seeretions are aeidie, 
and thus inhibit baeteria). Phagoeytes ingest foreign substances and 
pathogens, preventing them from penetrating into deeper body tissues. 

• Llltraviolet radiation 
(damaging effeets of 
sunlight) 

Melanin produced by melanoeytes offers proteetion from UV damage. 

• Thermal (heat or eold) 
damage 

Oontains heat/eold/pain reeeptors. 

• Desieeation (drying out) 

Contains a water-resisting glyeolipid and keratin. 

Aids in body heat loss or heat 
retention (eontrolled by the 
nervous system) 

Heat loss: By aetivating sweat glands and by allowing blood to flush 
into skin eapillary beds so that heat ean radiate from the skin surface. 

Heat retention: By not allowing blood to flush into skin eapillary beds. 

Aids in excretion of urea and 
uric aeid 

Oontained in perspiration produced by sweat glands. 

Synthesizes vitamin D 

Modified eholesterol molecules in skin eonverted to vitamin D by 
sunlight. 


loeated in the skin are eonverted to vitamin D by 
simlight.) Finally, the cutaneous sensory reeeptors 
(Figure 4.3), which are actually part of the ner- 
vous system, are loeated in the skin. These tiny sen- 
sors, which include touch, pressure, temperature, 
and pain reeeptors, provide us with a great deal of 
information about our external environment. They 
alert us to bumps and the presenee of tissue- 
damaging faetors as well as to the feel of wind in 
our hair and a earess. 


DID YOU GET IT 



4. Explain the relationships between the words skin, 
cutaneous membrane, integument, and 
integumentary system. 

5. What are three important fiinetions of the 
integiimentary system? 

For answers, see Appendix D. 


Structure of the Skin 

The skin is eomposed of two kinds of tissue. The 
outer epidermis (ep"í-der'mis) is made up of 
stratified squamous epithelium that is eapable of 
keratinizing (ker'ah-tin-iz-ing), or beeoming hard 
and tough. The underlying dermis is made up 
mostly of dense eonneetive tissue. The epidermis 
and dermis are firmly eonneeted and the dermis is 
fairly tear resistant. However, a burn or frietion 
(such as the mbbing of a poorly fitting shoe) may 
cause them to separate, allowing interstitial fluid 
to accumulate in the eavity between the layers, 
which results in a blister. 

Deep to the dermis is the subcutaneous 
tissue, or hypodermis, which essentially is adi- 
pose tissue. It is not eonsidered part of the skin, 
but it does anehor the skin to underlying organs 
and provides a site for nutrient (fat) storage. 
Subcutaneous tissue serves as a shoek absorber 
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Hair shaft 


Epidermis 


Dermis 
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(superficial faseia) 
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• Sensory nerve fiber 

• Lamellar corpuscle 

• Hair folliele reeeptor 
(root hair plexus) 



Dermal papillae 


Pore 


Appendages of skin 

• Eeerine sweat gland 

• Arreetor pili muscle 

• Sebaceous (oil) gland 

• Hair folliele 

• Hair root 


Cutaneous vascular plexus 


Adipose tissue 


Figure 4,3 Skin structure. Mieroseopie view of the skin and underlying 
subcutaneous tissue. 


and insulates the deeper tissues from extreme tem- 
perature ehanges occurring outside the body. It is 
also responsible for the curves that are more a part 
of a woman’s anatomy than a man’s. We deseribe 
the main skin areas and structures next. As you 
read, loeate them on Figure 4.3 and Figure 4.4. 

Epidermis 

The epidermis is eomposed of up to five layers or 
strata (strah'tah; “bed sheets”). From the inside 
out these are the stratum basale, spinosum, 
granulosum, lucidum, and corneum (all illus- 
trated in Figure 4.4 except stratum lucidum, found 
only in thiek skin). 

Like all other epithelial tissues, the epidermis 
is avascular; that is, it has no blood supply of its 
own. This explains why a man ean shave daily 
and not bleed even though he cuts off many eell 
layers eaeh time he shaves. 

Most eells of the epidermis are keratinoeytes 
(keratin eells), which produce keratin, the fibrous 


protein that makes the epidermis a tough protee- 
tive layer. The deepest eell layer of the epidermis, 
the stratum basale (stra'tum bà-sah'le), lies elos- 
est to the dermis and is eonneeted to it along a 
wavy borderline that resembles eormgated eard- 
board. This basal layer eontains the most ade- 
quately nourished of the epidermal eells because 
nutrients diffusing from the dermis reaeh them 
first. These eells are eonstantly dividing, and 
millions of new eells are produced daily; henee its 
alternate name, stratum germinativum (jer"min- 
ah-tiv'um; “germinating layer”). The daughter eells 
are pushed upward, away from the source of nu- 
trition, to beeome part of the epidermal layers 
eloser to the skin surface. As they move away 
from the dermis and beeome part of the more su- 
perfieial layers, the stratum spinosum and then 
the stratum granulosum, they beeome flatter 
and inereasingly full of keratin (keratinized). As 
they leave the stratum granulosum, they die, form- 
ing the elear stratum lucidum (lu'sid-um). This 
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VVhat eomponent of the hypodermis makes it a good insulator and shoek 
■ absorber? 



Keratinoeytes 


Desmosomes 


Epidermal 
dendritie eell 



f Sensory 

Melanin nerve 

granules ending 



Stratum corneum. Cells are dead; 

_ represented only by flat membranous 
saes filled with keratin. Glyeolipids in 
extracellular spaee. 

Stratum granulosum. Cells are flattened, 
—organelles are deteriorating; eytoplasm 
full of granules. 


Stratum spinosum. Cells eontain thiek 
— bundles of intermediate filaments made 
of pre-keratin. 


Stratum basale. Cells are aetively 
dividing stem eells; some newly formed 
eells beeome part of the more superficial 
layers. 


— Dermis 



Figure 4.4 The main structural features of the epidermis. 

Keratinoeytes (tan), amply eonneeted by desmosomes, form most of the epidermis. 
Melanoeytes (gray) form the pigment melanin, and star-shaped epidermal dendritie eells 
(blue) are immune eells. Oeeasional Merkel eells (purple), eaeh assoeiated with a nerve 
ending, aet as touch reeeptors. (Only part of the stratum corneum is illustrated.) 


latter epidermal layer is not present in all skin re- 
gions (and is not illiastrated in Figure 4.4). It oe- 
curs only where the skin is hairless and extra 
thiek, that is, on the palms of the hands and soles 
of the feet. The eombination of accumulating 
keratin inside them, seereting a water-repellent 
glyeolipid into the extracellular spaee, and their 
inereasing distanee from the blood supply (in the 


■ 'enss/j Ájjej. sy 


dermis) effeetively dooms the stratum lucidum 
eells and the more superficial epidermal eells be- 
cause they are unable to get adequate nutrients 
and oxygen. 

The outermost layer, the stratum corneum 
(kor'ne-um), is 20 to 30 eell layers thiek but it ae- 
counts for about three-quarters of the epidermal 
thiekness. The shinglelike dead eell remnants, 
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eompletely filled with keratin, are referred to as 
eornified or horny eells ( cornu = horn). The eom- 
mon saying “Beauty is only skin deep” is espe- 
eially interesting in light of the faet that nearly 
eveiything we see when we look at someone is 
dead! Keratin is an exceptionally tough protein. Its 
abundance in the stratum corneum allows that 
layer to provide a durable “overeoat” for the body, 
which proteets deeper eells from the hostile exter- 
nal environment (air) and from water loss and helps 
the body resist biologieal, ehemieal, and physieal 
assaults. The stratum corneum mbs and flakes off 
slowly and steadily as the dandmff familiar to 
everyone. The average person sheds about 18 kg 
(40 lb) of these flakes in a lifetime, providing a 
food source for the dust mites that inhabit our 
homes and bed linens. This layer is replaeed by 
eells produced by the division of the deeper stra- 
tum basale eells. Indeed, we have a totally “new” 
epidermis every 25 to 45 days. 

Melanin (mel'ah-nin), a pigment that ranges 
in eolor from yellow to brown to blaek, is pro- 
duced by speeial spider-shaped eells ealled 
melanoeytes (mel'ah-no-sitz), found ehiefly in the 
stratum basale. When the skin is exposed to sun- 
light, which stimulates the melanoeytes to produce 
more of the melanin pigment, tanning occurs. As 
the melanoeytes produce melanin, it accumulates 
within them in membrane-bound granules ealled 
melanosomes. These granules then move to the 
ends of the melanoeytes’ spidery arms, where they 
are taken up by nearby keratinoeytes. Inside the 
keratinoeytes, the melanin forms a pigment um- 
brella over the superficial, or “sunny,” side of their 
nuclei and shields their genetie material (DNA) 
from the damaging effeets of ultraviolet radiation 
in sunlight. Freekles and moles are seen where 
melanin is eoneentrated in one spot. 

Seattered in the epidermis are epidermal 
dendritie eells, which are important in alerting 
and aetivating immune system eells to a threat 
such as baeterial or viral invasion. Seen here and 
there at the epidermal-dermal junction are 
Merkel eells, which are assoeiated with sensory 
nerve endings and serve as touch reeeptors ealled 
Merkel dises. 

HOMEOSTATie IMBALANOE 

Despite melanin’s proteetive effeets, 
excessive sun exposure eventually damages the 
skin, leading to leathery skin. It also depresses the 



immune system. This may help to explain why 
many people infeeted with the herpes simplex, 
or eold sore, virus are more likely to have an emp- 
tion after sunbathing. Overexposure to the sun 
ean also alter the DNA of skin eells, leading to 
skin eaneer. Blaek people seldom have skin ean- 
eer, attesting to melanin’s amazing effeetiveness as 
a natural sunscreen. ) 


DID YOU GET IT 



6 . VVhat eell type is most abundant in the epidermis? 

7. VVhieh layer of the epidermis produces new epidermal 
eells? 

8. Excess shedding of seales from the superficial layer of 
the skin of the sealp causes dandmff. VVhat is the 
name of that skin layer? 

For answers, see Appendix D. 


Dermis 

The dermis is your “hide.” It is a strong, stretehy 
envelope that helps to bind the body together. 
When you purchase leather goods (bags, belts, 
shoes, and the like), you are buying the treated 
dermis of animals. 

The dense (fibrous) eonneetive tissue making 
up the dermis eonsists of two major regions—the 
papillary and the reticular areas (Figure 4.5). Like 
the epidermis, the dermis varies in thiekness. For 
example, it is particularly thiek on the palms of 
the hands and soles of the feet but is quite thin on 
the eyelids. 

The papillary layer is the upper dermal re- 
gion. It is uneven and has peglike projeetions 
from its superior surface, ealled dermal papillae 
(pah-pil'e; papill = nipple), which indent the epi- 
dermis above. Many of the dermal papillae eon- 
tain eapillary loops, which furnish nutrients to the 
epidermis. Others house pain reeeptors (free 
nerve endings ) and touch reeeptors. On the palms 
of the hands and soles of the feet, the papillae are 
arranged in definite patterns that form looped and 
whorled ridges on the epidermal surface that in- 
erease frietion and enhanee the gripping ability of 
the fingers and feet. Papillaiy patterns are geneti- 
eally determined. The ridges of the fingertips are 
well provided with sweat pores and leave unique, 
identifying films of sweat ealled fingerprints on al- 
most anything they touch. 

The reticular layer is the deepest skin layer. 
It eontains irregularly arranged eonneetive tissue 
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Epidermis 


Papillary layer 
of dermis 


Reticular layer 
of dermis 


Figure 4.5 Light mierograph of the two regions of the dermis (35 X). 

The dermal papillae are extensions of the superficial papillary layer, which eonsists of areolar 
eonneetive tissue. The deeper reticular layer is dense irregular fibrous eonneetive tissue. 


fibers, as well as blood vessels, sweat and oil glands, 
and deep pressure reeeptors ealled lamellar 
eorpnseles (see Figure 4.3). Phagoeytes found here 
(and, in faet, throughout the dermis) aet to prevent 
baeteria that have managed to get through the epi- 
dermis from penetrating any deeper into the body. 

Both eollagen and elastie fibers are found 
throughout the dermis. Collagen fibers are re- 
sponsible for the toughness of the dermis; they 
also attraet and bind water and thus help to keep 
the skin hydrated. Elastie fibers give the skin its 
elastieity when we are young. As we age, the 
number of eollagen and elastie fibers deereases, 
and the subcutaneous tissue loses fat. As a result, 
the skin loses its elastieity and begins to sag 
and wrinkle. 

The dermis is abundantly supplied with blood 
vessels that play a role in maintaining body temper- 
ature homeostasis. When body temperature is high, 
the eapillaries of the dermis beeome engorged, or 
swollen, with heated blood, and the skin beeomes 
reddened and warm. This allows body heat to radi- 
ate from the skin surface. If the environment is eool 
and body heat must be eonserved, blood bypasses 
the dermis eapillaries temporarily, allowing internal 
body temperature to stay high. 


_ HOMEOSTATIC IMBALANCE 

Any restrietion of the normal blood sup- 
ply to the skin results in eell death and, if severe or 
prolonged enough, skin ulcers. Decubitus (de- 
ku'bí-tus) ulcers (bedsores) occur in bedridden pa- 
tients who are not turned regularly or who are 
dragged or pulled aeross the bed repeatedly. The 
weight of the body puts pressure on the skin, espe- 
eially over bony projeetions. Because this pressure 
restriets the blood supply, the skin beeomes pale or 
blanehed at pressure points. At first, the skin red- 
dens when pressure is released, but if the situation 
is not eorreeted, the eells begin to die, and small 
eraeks or breaks in the skin appear at eompressed 
sites. Permanent damage to the superficial blood 
vessels and tissue eventually results in degeneration 
and ulceration of the skin (Figure 4.6). ) 

The dermis also has a rieh nerve supply. As 
mentioned earlier, many of the nerve endings 
have speeialized reeeptor end-organs that send 
messages to the eentral nervous system for inter- 
pretation when they are stimulated by environ- 
mental faetors (pressure, temperature, and the 
like). We discuss these cutaneous reeeptors in 
more detail in ehapter 7. 












When it eomes to preventing 
vvrinkles, it helps to have good 
genes, to not smoke, to use a good 
sunscreen, and to think pleasant 
thoughts. Good genes speak for 
themselves —it’s partly the luck of 
the dravv vvhether you look your 
age or not. Smoking ages the skin 
by inereasing production of an 
enzyme that destroys eollagen. 
Oollagen supports the skin and 
provides it vvith elastieity, so vvith 
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less of it, vvrinkles appear. UV 
radiation damage from too much 
unprotected exposure to the sun 
causes elastie fibers to clump, 
vvhieh results in leathery skin. For 
those vvrinkled by years of smoking 
and sun damage, a surgical faee- 
lift that removes the excess and 
sagging skin follovved by laser 
resurfacing or mierodermabrasion 
seems to be the only vvay to banish 
the vvrinkles. 

Hovvever, for those vvho sport 
frovvn lines, furrowed brows, or 


crow’s feet due to frequent and 
repetitive faeial expressions, 
eosmetie injeetions of Botox 
may be the answer to regaining 
younger-looking skin. Botulinum 
toxin type A, more familiarly ealled 
Botox Cosmetic, is a toxin 
produced by the bacterium that 
causes botulism, a dreaded form of 
food poisoning. Used in injeetable 
doses (eonsiderably less than the 
amount that would induce 
botulism), the purified toxin helps 
regulate aeetyleholine (ACh) release 
by nerve eells. (ACh plays a key 
role in relaying messages from 
nerves to muscles.) By inhibiting 
the underlying muscles’ ability 
to eontraet, existing lines are 
smoothed out and nearly invisible 
in a week. 

Botox was approved in 1989 
to treat two eye muscle disorders— 
blepharospasm (uncontrollable 
blinking) and strabismus (misaligned 
eyes). The diseovery that Botox 
could be used eosmetieally was pure 
luck—physieians using the toxin to 
counter abnormal eye eontraetions 
notieed that the vertieal frown lines 
between the eyes (which make 
people looktired, angry, or 
displeased) had softened. 

The reeent rise in popularity of 
Botox “shots” has led to ehanges 
in the way it is marketed. Some 
physieians buy the toxin in bulk and 
arrange “Botox parties” or “Botox 
happy hours,” get-togethers for 
10 to 15 people which make the 
treatment both more relaxed and 




Woman reeeiving Botox injeetion. 


more affordable. One by one, as 
their names are ealled, eaeh “guest” 
slips away for about 15 minutes to 
a private examining room to be 
injeeted with Botox Cosmetic. 
Anesthesia is rarely needed, but 
sedatives and numbing agents are 
usually available. The U.S. Food 
and Drug Administration is 
eoneerned that such gatherings may 
trivialize a medieal treatment and 
have the potential for being abused 
as unqualified people begin to 
dispense the toxin in salons, gyms, 
and other retail establishments. 

The proeess has some risks. If too 
much toxin is injeeted, a person ean 
end up with droopy eyelid muscles or 
temporary muscle weakness for 
weeks (the effeets of Botox Cosmetic 
last three to six months). Still, battling 
the signs of age in a noninvasive way 
is appealing to many, and the faet 
that there is little or no reeovery time 
allows treatment during a lunch hour. 
The attraetion of Botox to physieians 
is both professional (a new tool to 
fight wrinkles) and monetary (truly 
dedieated patients are baek for 
injeetions every three to six months). 
Vanity pays! 
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Figure 4.6 Photograph of a deep (stage III) 
decubitus ulcer. 


Skin Color 

Name the faetors that determine skin eolor, and 
deseribe the fmetion of melanin. 

Three pigments contribute to skin eolor: 

1. The amount and kind (yellow, reddish brown, 
or blaek) of melanin in the epidermis. 

2. The amount of earotene deposited in the stratum 
corneum and subcutaneous tissue. (Carotene 
is an orange-yellow pigment plentiful in ear- 
rots and other orange, deep yellow, or leafy 
green vegetables.) The skin tends to take on a 
yellow-orange east when the person eats large 
amounts of earotene-rieh foods. 

3. The amount of oxygen-rich hemoglohin (pig- 
ment in red blood eells) in the dermal blood 
vessels. 

People who produce a lot of melanin have brown- 
toned skin. In light-skinned (Caucasian) people, 
who have less melanin, the erimson eolor of 
oxygen-rich hemoglobin in the dermal blood 
supply flushes through the transparent eell layers 
above and gives the skin a rosy glow. 

HOMEOSTATIC IMBALANCE 

When hemoglobin is poorly oxy- 
genated, both the blood and the skin of Caucasians 
appear blue, a eondition ealled eyanosis (si"ah- 
no'sis). Cyanosis is eommon during heart failure 
and severe breathing disorders. In blaek people, the 
skin does not appear eyanotie in the same situations 
because of the masking effeets of melanin, but 



eyanosis is apparent in their mucous membranes 
and nail beds. ) 

Emotions also influence skin eolor, and many 
alterations in skin eolor signal eertain disease states: 

• Redness, or erythema (er"í-the'mah). Reddened 
skin may indieate embarrassment (blushing), 
fever, hypertension, inflammation, or allergy. 

• Pallor, or hlanehing. Under eertain types of 
emotional stress (fear, anger, and others), some 
people beeome pale. Pale skin may also signify 
anemia, low blood pressure, or impaired blood 
flow into the area. 

• Jaundice (jon'dis) or a yellow east. An abnor- 
mal yellow skin tone usually signifies a liver 
disorder in which excess bile pigments are ab- 
sorbed into the blood, circulated throughout 
the body, and deposited in body tissues. 

• Brnises or hlack-and-hlue marks. Blaek- 
and-blue marks reveal sites where blood has 
eseaped from the circulation and has elotted in 
the tissue spaees. Such elotted blood masses 
are ealled hematomas. An unusual tendeney to 
bmising may signify a defieieney of vitamin C 
in the diet or hemophilia (bleeder’s disease). 


DID YOU GET IT 



9. You have just gotten a paper cut. It is very painful, but 
it doesn’t bleed. Has the cut penetrated into the 
dermis or just the epidermis? 

10. What pigments determine skin eolor? 

For answers, see Appendix D. 


Appendages of the Skin 

Deseribe the distribution and function of the epidermal 
derivatives—sebaceous glands, sweat glands, and hair. 

The skin appendages include cutaneous glands, 
hair and hair follieles, and nails (see Figure 4.3). 
Eaeh of these appendages arises from the epider- 
mis and plays a unique role in maintaining body 
homeostasis. 


Cutaneous Glands 

The cutaneous glands are all exocrine glands 
that release their seeretions to the skin surface via 
ducts. They fall into two groups: sehaeeoas glands 
and sweat glands. As these glands are formed by 
the eells of the stratum basale, they push into the 










120 


Essentials of Human Anatomy and Physiology 



Which of these gland types ean make your hair lank and oily? 


Svveat 


Sebaceous 

gland 


Eeerine 




Dermal eonneetive 
tissiie 


Sebaceous 
gland duct 


Eeerine 
gland duct 


Hairin 
hair folliele 


Seeretory eells 



(a) Photomierograph of a seetioned 
sebaceous gland (14x) 


Figure 4.7 Cutaneous glands. 


(b) Photomierograph of a 
seetioned eeerine 
gland ( 180 x) 


deeper skin regions and ultimately reside almost 
entirely in the dermis. 

Sebaeeotis (Oil) Glands The sebaceous (seh- 

ba'shus) glands, or oil glands, are found all over 
the skin, except on the palms of the hands 
and the soles of the feet. Their ducts usually 
empty into a hair folliele (see Figure 4.3 and 
Figure 4.7), but some open direetly onto the 
skin surface. 


■ 'suohqjoqs Á\\o oonpojd l\o\l\/v\ ‘spue\5 snoooegos ou\± 


The product of the sebaceous glands, sebum 
(se'bum; seb = grease), is a mixture of oily sub- 
stanees and fragmented eells. Sebum is a hibrieant 
that keeps the skin soft and moist and prevents 
the hair from beeoming brittle. Sebum also eon- 
tains ehemieals that kill baeteria, so it is important 
in preventing the baeteria present on the skin sur- 
faee from invading the deeper skin regions. The 
sebaceous glands beeome very aetive when male 
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sex hormones are prodrieed in inereased amounts 
(in both sexes) during adoleseenee. Thus, the skin 
tends to beeome oilier during this period of life. 

HOMEOSTATie IMBALANOE 

If a sebaceous gland’s duct is bloeked 
by sebum, a whitehead appears on the skin sur- 
faee. If the accumulated material oxidizes and dries, 
it darkens, forming a blaekhead. Aene is an aetive 
infeetion of the sebaceous glands aeeompanied by 
pimples on the skin. It ean be mild or extremely se- 
vere, leading to permanent searring. Seborrhea 
(seb"o-re'ah; “fast-flowing sebum”), known as “era- 
dle eap” in infants, is caused by overaetivity of the 
sebaceous glands. It begins on the sealp as pink, 
raised lesions that gradually form a yellow to 
brown emst that sloughs off oily seales. Careful 
washing to remove the excessive oil often helps. ) 

Sweat Glands Sweat glands, also ealled sudorif- 
erous (su"do-rif'er-us; sudor = sweat) glands, are 
widely distributed in the skin. Their number is 
staggering—more than 2.5 million per person. 
There are two types of sweat glands, eeerine and 
apoerine. 

The eeerine (ek'rin) glands are far more nu- 
merous and are found all over the body. They 
produce sweat, a elear seeretion that is primarily 
water plus some salts (sodium ehloride), vitamin C, 
traees of metabolie wastes (ammonia, urea, uric 
aeid), and laetie aeid (a ehemieal that accumulates 
during vigorous muscle aetivity). Sweat is aeidie 
(pH from 4 to 6), a eharaeteristie that inhibits the 
growth of eertain baeteria, which are always pres- 
ent on the skin surface. Typieally, sweat reaehes 
the skin surface via a duct that opens externally as 
a funnel-shaped pore (see Figures 4.3 and 4.7). 
Notiee, however, that the faeial “pores” eommonly 
referred to when we talk about our complexion 
are not these sweat pores, but the external outlets 
of hair follieles. 

The eeerine sweat glands are an important and 
highly effieient part of the body’s heat-regulating 
equipment. They are supplied with nerve endings 
that cause them to seerete sweat when the exter- 
nal temperature or body temperature is high. 
When sweat evaporates off the skin surface, it ear- 
ries large amounts of body heat with it. On a hot 
day, it is possible to lose up to 7 liters of body wa- 
ter in this way. The heat-regulating functions of 
the body are important—if internal temperature 



ehanges more than a few degrees from the normal 
37°C (98.2°F), life-threatening ehanges occur in the 
body. We discuss body temperature regulation in 
more detail in ehapter 14. 

Apoerine (ap'o-krin) glands are largely eon- 
fined to the axillary (armpit) and genital areas of 
the body. They are usually larger than eeerine 
glands, and their ducts empty into hair follieles. 
Their seeretion eontains fatty aeids and proteins, 
as well as all the substances present in eeerine 
seeretion; consequently, it may have a milky or 
yellowish eolor. The seeretion is odorless, but 
when baeteria that live on the skin use its proteins 
and fats as a source of nutrients for their growth, it 
takes on a musky, unpleasant odor. 

Apoerine glands begin to function during pu- 
berty under the influence of androgens (male sex 
hormones). Although their seeretion is produced al- 
most continuously, apoerine glands play a minimal 
role in thermoregulation. Their preeise function is 
not yet known, but they are aetivated by nerve fibers 
during pain and stress and during sexual foreplay. 

Hair and Hair Follieles 

There are millions of hairs seattered all over the 
body. But, other than serving a few minor protee- 
tive functions—such as guarding the head against 
bumps, shielding the eyes (via eyelashes), and 
helping to keep foreign partieles out of the respi- 
ratory traet (via nose hairs)—our body hair has 
lost much of its usefulness. Hair served early hu- 
mans (and still serves hairy animals) by providing 
insulation in eold weather, but now we have other 
means of keeping warm. 

Hairs A hair, produced by a hairfolliele, is a flexi- 
ble epithelial structure. That part of the hair en- 
elosed in the folliele is ealled the root. The part 
projeeting from the surface of the sealp or skin is 
ealled the shaft (Figure 4.8). A hair forms by divi- 
sion of the well-nourished stratum basale epithelial 
eells in the matrix (growth zone) of the hair bulb 
at the inferior end of the folliele. As the daughter 
eells are pushed farther away from the growing re- 
gion, they beeome keratinized and die. Thus the 
bulk of the hair shaft, like the bulk of the epider- 
mis, is dead material and almost entirely protein. 

Eaeh hair eonsists of a eentral eore ealled the 
mednlla (me-dul'ah) surrounded by a bulky 
cortex layer. The cortex is, in turn, enelosed by an 
outermost entiele formed by a single layer of eells 









122 


Essentials of Hiiman Anatomy and Physiology 


Hair 

shaft 


Arreetor 

pili 


Sebaceous 

gland 


Hair root 


Hair bulb 
in folliele 


Cuticle 

Cortex 


Medulla 




(b) Hair 


(a) 


Hair— 

folliele 


Dermal 

sheath 


Epidermal 

sheath 


Matrix (growth 
zone) in hair bulb 


Melanoeyte 


Connective tissue 
papilla eontaining 
blood vessels 


Subcutaneous 
adipose tissue 



(C) 

Figure 4,8 Structure of a hair and hair folliele. (a) Longitudinal seetion of a hair 
within its folliele. (b) Enlarged longitudinal seetion of a hair. (e) Enlarged longitudinal view 
of the expanded hair bulb in the folliele showing the matrix, the region of aetively dividing 
epithelial eells that produces the hair. 


that overlap one another like shingles on a roof. 
This arrangement of the aatiele eells helps to keep 
the hairs apart and keeps them from matting (see 
Fignre 4.8b and Figure 4.9). The cuticle is the 
most heavily keratinized region; it provides 
strength and helps keep the inner hair layers 


tightly eompaeted. Because it is most subject to 
abrasion, the cuticle tends to wear away at the tip 
of the shaft, allowing the keratin fibrils in the inner 
hair regions to frizz out, a phenomenon ealled 
“split ends.” Hair pigment is made by melanoeytes 
in the hair bulb, and varying amounts of different 
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types of melanin (yellow, mst, brown, and blaek) 
eombine to produce all varieties of hair eolor from 
pale blond to piteh blaek. 

Hairs eome in a variety of sizes and shapes. 
They are short and stiff in the eyebrows, long and 
fiexible on the head, and usually nearly invisible 
almost everywhere else. When the hair shaft is 
oval, hair is smooth and silky and the person has 
wavy hair. When the shaft is flat and ribbonlike, 
the hair is curly or kinky. If it is perfeetly round, 
the hair is straight and tends to be eoarse. Hairs are 
found all over the body surface except the palms 
of the hands, soles of the feet, nipples, and lips. 
Humans are born with as many hair follieles as 
they will ever have, and hairs are among the fastest 
growing tissues in the body. Hormones account for 
the development of hairy regions—the sealp and, 
in the adult, the pubic and axillary areas. 

Hair Follieles Hair follieles are actually eom- 
pound structures. The inner epidermal sheath is 
eomposed of epithelial tissue and forms the hair. 
The outer dermal sheath is actually dermal eon- 
neetive tissue. This dermal region supplies blood 
vessels to the epidermal portion and reinforees it. 
Its nipplelike papilla provides the blood supply to 
the matrix in the hair bulb. 

Look carefully at the structure of the hair folli- 
ele at the front eorner of Figure 4.3. Notiee that it 
is slightly slanted. Small bands of smooth muscle 
eells— arreetor pilì (ah-rek'tor pi'li; “raiser of 
hair”)—eonneet eaeh side of the hair folliele to the 
dermal tissue. When these muscles eontraet (as 
when we are eold or frightened), the hair is pulled 
upright, dimpling the skin surface with “goose 
bumps.” This aetion helps keep animals warm in 
winter by adding a layer of insulating air to the 
fur. It is espeeially dramatie in a seared eat, whose 
fur actually stands on end to make it look larger to 
seare off its enemy. However, this hair-raising phe- 
nomenon is not very useful to human beings. 

Nails 

A nail is a sealelike modifieation of the epidermis 
that eorresponds to the hoof or claw of other 
animals. Eaeh nail has a free edge, a hody (visible 
attaehed portion), and a root (embedded in the 
skin). The borders of the nail are overlapped by 
skin folds, ealled nailfolds. The edge of the thiek 
proximal nail fold is eommonly ealled the cuticle 
(Figure 4-10). 



Figure 4.9 Seanning eleetron mierograph 
showing a hair shaft emerging from a folliele 
at the skin surface. Notiee how the sealelike eells of 
the cuticle overlap one another ( 660 x). 

The stratum basale of the epidermis extends be- 
neath the nail as the nail bed. Its thiekened proxi- 
mal area, ealled the nail matrix, is responsible for 
nail growth. As the nail eells are produced by the 
matrix, they beeome heavily keratinized and die. 
Thus, nails, like hairs, are mostly nonliving material. 

Nails are transparent and nearly eolorless, but 
they look pink because of the rieh blood supply in 
the underlying dermis. The exception to this is the 
region over the thiekened nail matrix that appears 
as a white ereseent and is ealled the lunule 
(loo'nyul; lunul = ereseent). As noted earlier, 
when the supply of oxygen in the blood is low, 
the nail beds take on a eyanotie (blue) east. 

DID YOU GET IT 

11. VVhat are the three eoneentrie regions of a hair shaft, 
from the outside in? 

12. VVhat is sebum? 

13. How do seeretions of apoerine glands differ from 
those of the eeerine sweat glands? 

14. VVhen a faetory worker caught his finger in a maehine, 
the entire nail, plus the nail matrix and bed, was torn 
off. VVill his nail grow baek? VVhy or why not? 

For ansvvers, see Appendix D. 
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Homeostatie imbalanees of Skin 

,X Differentiate first-, seeond-, and third-degree burns. 

Explain the importanee of the “rule of nines.” 

Summarize the eharaeteristies of basal eell 
eareinoma, squamous eell eareinoma, and 
malignant melanoma. 

When the skin rebels, it is quite a visible revolu- 
tion. Loss of homeostasis in body eells and 
organs reveals itself on the skin, sometimes in 
startling ways. The skin ean develop more than 
1,000 different ailments. The most eommon skin 
disorders are baeterial, viral, or fungal infeetions. 
Less eommon, but far more damaging to body 
well-being, are burns and skin eaneers. We 
briefly summarize a number of the homeostatie 
imbalanees of the skin here. 

Burns 

There are few threats to life more serious than 
burns. A burn is tissue damage and eell death 
caused by intense heat, eleetrieity, ultraviolet radi- 
ation (sunburn), or eertain ehemieals (such as 


aeids), which denature proteins and cause eell 
death in the affeeted areas. 

When the skin is burned and its eells are de- 
stroyed, two life-threatening problems result. First, 
the body loses its precious supply of fluids eontain- 
ing proteins and eleetrolytes as these seep from the 
burned surfaces. Dehydration and eleetrolyte imbal- 
anee follow and ean lead to a shutdown of the kid- 
neys and eirenlatory shoek (inadequate circulation 
of blood caused by low blood volume). To save the 
patient, lost fluids must be replaeed immediately. 
The volume of fluid lost ean be estimated indireetly 
by determining how much of the body surface is 
burned (extent of burns), using the rule of nines. 
This method divides the body into 11 areas, eaeh 
accounting for 9 pereent of the total body surface 
area, plus an additional area surrounding the geni- 
tals (the perineum) representing 1 pereent of body 
surface area (Figure 4.11a). 

Later, infeetion beeomes the most important 
threat and is the leading cause of death in burn 
vietims. Burned skin is sterile for about 24 hours. 
But after that, pathogens (path'o-jenz) such as 
baeteria and fungi easily invade areas where the 
skin has been destroyed and multiply rapidly in 
the nutrient-rich environment of dead tissues. To 
make matters worse, the patient’s immune system 
beeomes depressed within one to two days after 
severe burn injury. 

Burns are elassified aeeording to their severity 
(depth) as first-, seeond-, or third-degree burns 
(Figure 4.11b). In first-degree burns, only the 
epidermis is damaged. The area beeomes red and 
swollen. Except for temporary diseomfort, first- 
degree burns are not usually serious and gener- 
ally heal in two to three days without any speeial 
attention. Sunburn is usually a first-degree burn. 

Seeond-degree burns involve injury to the epi- 
dermis and the upper region of the dermis. The skin 
is red and painful, and blisters appear. Because suffi- 
eient numbers of epithelial eells are still present, re- 
growth (regeneration) of the epithelium ean occur. 
Ordinarily, no permanent sears result if eare is taken 
to prevent infeetion. First- and seeond-degree burns 
are referred to as partial-thiekness burns. 

Third-degree burns destroy the entire 
thiekness of the skin, so these burns are also 
ealled full-thickness burns. The burned area 
appears blanehed (gray-white) or blaekened, 
and because the nerve endings in the area are 
destroyed, the burned area is not painful. In 
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Would you expect to see hair regeneration in an area that suffers third-degree 
burns? Why or why not? 



Totals 

Anterior and posterior 
head and neek, 9% 

Anterior and posterior 
upper limbs, 18% 

Anterior and posterior 
trnnk, 36% 


Perineum, 1% 


Anterior and posterior 
lower limbs, 36% 

100 % 





(a) (b) 

Figure 4,11 Burns. (a) Estimating the extent of burns using the rule of nines. The 
surface areas for the anterior body surface are indieated on the human figure. Total 
surface area (anterior and posterior body surfaces) is tabulated to the right of the figure. 
(b) Burns of inereasing severity, from top to bottom: first-degree, seeond-degree, 
third-degree. 


third-degree burns, regeneration is not possible, 
and skin grafting must be done to eover the un- 
derlying exposed tissues. 

In general, burns are eonsidered eritieal if any 
of the following eonditions exists: 

1. Over 25 pereent of the body has seeond- 
degree burns, 

2. Over 10 pereent of the body has third-degree 
burns, or 

3. There are third-degree burns of the faee, 
hands, or feet. 
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Faeial burns are particularly dangerous be- 
cause of the possibility of burns in respiratory 
passageways, which ean swell and cause suffoca- 
tion. Joint injuries are troublesome because the 
sear tissue that eventually forms ean severely limit 
joint mobility. 

infeetions and Allergies 

• Athlete’s foot. An itehy, red, peeling eondition 
of the skin between the toes, resulting from 
fungus infeetion. Also ealled tinea pedis. 
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(a) Cold sores (b) Impetigo (c) Psoriasis 

Figure 4.12 Cutaneous lesions. 


• Boils and carbuncles (kar'bun-kulz). 
Inflammation of hair follieles and sebaceous 
glands, eommon on the dorsal neek. Carbuncles 
are eomposite boils typieally caused by baete- 
rial infeetion (often Staphylococcus aureus). 

• Cold sores (fever blisters). Small fluid-filled blis- 
ters that iteh and sting, caused by a herpes sim- 
plex infeetion. The vims loealizes in a cutaneous 
nerve, where it remains dormant until aetivated 
by emotional upset, fever, or UV radiation. Cold 
sores usually occur around the lips and in the 
oral mucosa of the mouth (Figure 4.12a). 

• Contact dermatitis. Itehing, redness, and 
swelling of the skin, progressing to blistering. It 
is caused by exposure of the skin to ehemieals 
(such as those in poison ivy) that provoke al- 
lergie responses in sensitive individuals. 

• Impetigo (im-peh-ti'go; impet — an attaek). 
Pink, water-filled, raised lesions (eommonly 
around the mouth and nose) that develop a 
yellow emst and eventually rupture (Figure 
4.12b). Caused by a highly contagious staphy- 
lococcus infeetion, impetigo is eommon in ele- 
mentary sehool-aged ehildren. 

• Psoriasis (so-ri'ah-sis). A ehronie eondition, 
eharaeterized by overproduction of skin eells 
that results in reddened epidermal lesions eov- 
ered with dry, silvery seales that iteh, burn, 
eraek, and sometimes bleed (Figure 4.12c). 
When severe, psoriasis may be disfiguring. It is 
believed to be an autoimmune disorder in 
which the immune system attaeks a person’s 


own tissues. Attaeks are often triggered by 
trauma, infeetion, hormonal ehanges, or stress. 

Skin Cancer 

Numerous types of neoplasms (tumors) arise in 
the skin. Most skin neoplasms are benign and do 
not spread (metastasize) to other body areas. 
(A wart caused by a vims is one such example.) 
However, some skin neoplasms are malignant, or 
cancerous, and they tend to invade other body 
areas. Indeed, skin eaneer is the single most eom- 
mon type of eaneer in humans. One in five 
Amerieans now develops skin eaneer at some 
point in his or her life. The most important risk 
faetor is overexposure to ultraviolet radiation in 
sunlight. Frequent irritation of the skin by infee- 
tions, ehemieals, or physieal trauma also seems to 
be a predisposing faetor. 

Basal Cell Oareinoma Basal eell eareinoma 

(kar"sí-no'mah) is the least malignant and most 
eommon skin eaneer. Cells of the stratum basale, 
altered so that they eannot form keratin, no 
longer honor the boundary between epidermis 
and dermis. They proliferate, invading the dermis 
and subcutaneous tissue. The eaneer lesions oe- 
cur most often on sun-exposed areas of the faee 
and appear as shiny, dome-shaped nodules that 
later develop a eentral ulcer with a “pearly” 
beaded edge (Figure 4.13a). Basal eell eareinoma 
is relatively slow-growing, and metastasis seldom 
occurs before it is notieed. Full cure is the rule in 
99 pereent of eases in which the lesion is re- 
moved surgically. 
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Which of these eaneers arises from the most superficial epidermal eells? 



(a) Basal eell eareinoma 


(b) Squamous eell eareinoma 


Figure 4.13 Photographs of skin eaneers. 



(e) Melanoma 


Squamous Cell Oareinoma Squamous eell eareinoma 

arises from the eells of the stratum spinosum. The 
lesion appears as a sealy, reddened papule (small, 
rounded elevation) that gradually forms a shallow 
ulcer with a firm, raised border (Figure 4.13b). 
This variety of skin eaneer appears most often 
on the sealp, ears, dorsum of the hands, and 
lower lip. It grows rapidly and metastasizes to 
adjaeent lymph nodes if not removed. This epider- 
mal eaneer is also believed to be sun-induced. If 
it is caught early and removed surgically or by 
radiation therapy, the ehanee of eomplete cure 
is good. 

Malignant Melanoma Malignant melanoma (mel"- 

ah-no'mah) is a eaneer of melanoeytes. It accounts 
for only about 5 pereent of skin eaneers, but its in- 
eidenee is inereasing rapidly and it is often deadly. 
Melanoma ean begin wherever there is pigment; 
most such eaneers appear spontaneously, but 
some develop from pigmented moles. It arises 
from accumulated DNA damage in a skin eell and 
usually appears as a spreading brown to blaek 
pateh (Figure 4.13c) that metastasizes rapidly to 
surrounding lymph and blood vessels. The ehanee 
for smvival is about 50 pereent, and early detee- 
tion helps. The Ameriean Cancer Soeiety suggests 
that people who sunbathe frequently or attend 
tanning parlors examine their skin periodieally for 
new moles or pigmented spots and apply the 
ABCD rule for reeognizing melanoma: 


(A) Asymmetry. The two sides of the pig- 
mented spot or mole do not mateh. 

(B) Border irregularity. The borders of the- 
lesion are not smooth but exhibit indentations. 

(C) Color. The pigmented spot eontains areas 
of different eolors (blaeks, browns, tans, and 
sometimes blues and reds). 

(D) Diameter. The spot is larger than 6 mil- 
limeters (mm) in diameter (the size of a peneil 
eraser). 

Some experts have found that adding an E, 
for elevation above the skin surface, improves 
diagnosis. The usual therapy for malignant 
melanoma is wide surgical excision along with 
immunotherapy. 


DID YOU GET IT r 

15. VVhat are the tvvo life-threatening consequences of a 
severe burn? 

16. VVhat are the eriteria for elassifying burns as first-, 
seeond-, or third-degree? 

17. VVhat name is given to the rule for reeognizing the 
signs of melanoma? 

18. VVhat is the single most eommon risk faetor for skin 
eaneer? 

19. VVhy do no skin eaneers develop from stratum 
corneum eells? 


For answers, see Appendix D. 


m muuouiojeo i/eo snomenbs 
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Developmental 
Aspeets of Skin 
and Body Membranes 

List several examples of integumentary system aging. 

During the fifth and sixth months of fetal devel- 
opment, the soon-to-be-born infant is eovered 
with a downy type of hair ealled lanngo (lah- 
noo'go), but this hairy eloak has usually been 
shed by birth. When a baby is born, its skin is 
eovered with vernix easeosa (ver'niks kah- 
se-o'sah). This white, eheesy-looking substance, 
produced by the sebaceous glands, proteets the 
baby’s skin while it is floating in its water-filled 
sae inside the mother. The newborn’s skin is very 
thin, and blood vessels are easily seen through it. 
Commonly, there are accumulations in the seba- 
ceous glands, which appear as small white spots 
ealled milia (mil'e-ah), on the baby’s nose and 
forehead. These normally disappear by the third 
week after birth. As the baby grows, its skin be- 
eomes thieker and moist, and more subcutaneous 
fat is deposited. 

During adoleseenee, the skin and hair beeome 
more oily as sebaceous glands are aetivated, and 
aene may appear. Aene usually subsides in early 
adulthood, and the skin reaehes its optimal ap- 
pearanee when we are in our twenties and thirties. 
Then visible ehanges in the skin begin to appear 
as it is continually assaulted by abrasion, ehemi- 
eals, wind, sun, and other irritants and as its pores 
beeome elogged with air pollutants and baeteria. 
As a result, pimples, seales, and various kinds of 
dermatitis (der"mah-ti'tis), or skin infiammation, 
beeome more eommon. 

During old age, the amount of subcutaneous 
tissue deereases, leading to the intoleranee to 
eold so eommon in older adults. The skin also be- 
eomes drier (because of deereased oil produc- 
tion), and as a result, it may beeome itehy and 
bothersome. Thinning of the skin, another result 
of the aging proeess, makes it more susceptible to 
bmising and other types of injuries. The deereas- 
ing elastieity of the skin, along with the loss of 
subcutaneous fat, allows bags to form under our 
eyes, and our jowls begin to sag. Smoking and 
sunlight speed up this loss of elastieity, so two of 


the best things you ean do for your skin are to 
stop smoking if you have that habit and to shield 
your skin from the sun by wearing sunscreens 
and proteetive elothing. In doing so, you will also 
be deereasing the ehanee of skin eaneer. There is 
no way to avoid the aging of the skin, but good 
nutrition, plenty of fluids, and eleanliness help 
delay the proeess. 

Hair loses its luster as we age, and by age 50 
the number of hair follieles has dropped by one- 
third and continues to deeline, resulting in hair 
thinning and some degree of baldness, or 
alopeeia (al"o-pe'she-ah), in most people. Many 
men beeome obviously bald as they age, a phe- 
nomenon ealled male pattern baldness. A bald 
man is not really hairless—he does have hairs in 
the bald area. But, because those hair follieles 
have begun to degenerate, the hairs are eolorless 
and very tiny (and may not even emerge from 
the folliele). Such hairs are ealled vellus ^vell = 
wool) hairs. 

Another phenomenon of aging is graying hair. 
Like balding, this is usually genetieally eontrolled 
by a “delayed-aetion” gene. Onee the gene takes 
effeet, the amount of melanin deposited in the hair 
deereases or beeomes entirely absent, which results 
in gray-to-white hair. 

HOMEOSTATIC IMBALANOE 

Certain events ean cause hair to gray 
or fall out prematurely. For example, many people 
have elaimed that they turned gray nearly 
overnight because of some emotional erisis in 
their life. In addition, we know that anxiety, pro- 
tein-defieient diets, therapy with eertain ehemieals 
(ehemotherapy), radiation, excessive vitamin A, 
and eertain fungal diseases (ringworm) ean cause 
both graying and hair loss. However, when the 
cause of these eonditions is not genetie, hair loss 
is usually not permanent. ) 



DID YOU GET IT 



20 . VVhat ehange in aging skin accounts for wrinkles and 
eold intoleranee in older adults? 

21 . VVhat is the source of vernix easeosa that eovers the 
skin of the newborn baby? 

For answers, see Appendix D. 




Foais on 


Medieal 


“If you have a basie understanding 
of anatomy and medieal 
terminology, you will be much 
more accurate at interpretíng 
and transeribing what you hear.” 

Every time you consult a doetor 
or are hospitalized, your medieal 
reeord gets longer. Medieal 
transeriptionists play a key role 
in ereating and maintaining these 
vital documents. 

A medieal transeriptionist is a 
medieal language speeialist who 
interprets and transeribes notes 
dietated by physieians and other 
healtheare professionals. These 
reports, which eover all aspeets of 
a patient’s assessment, diagnosis, 
treatment, and outcome, beeome 
part of the person’s eonfidential 
medieal reeord. Medieal 
transeriptionists work in hospitals, 
elinies, doetors’ offiees, 
transeription serviees, insurance 
eompanies, and home healtheare 
ageneies. 

What does it take to be a 
transeriptionist? “Certainly, you need 
a good English background,” says 
Pamela Shull, an experienced 
transeriptionist in San Jose, 
California. “Strong grammar, 
spelling, and punctuation skills are 
emeial. Physieians often dietate 
these reeords on the go, and a good 
transeriptionist must be able to edit 
the dietated material for grammar 
and elarity.” 

Knowledge of anatomy and 
physiology, however, is even more 
important. Notes Shull, “If you 
understand anatomy and medieal 
terminology, you will be much 



more accurate at interpreting and 
transeribing what you hear. A 
hospital transeriptionist deals 
with terms from a wide variety of 
medieal speeialties—one dietation 
might be from a gyneeologist, the 
next from an orthopedie surgeon, 
and the next from a pediatrieian.” 
This is why anatomy and 
physiology, medieal terminology, 
and the study of disease proeesses 
make up most of the curriculum in 
medieal transeription training 
programs. 

All health professionals who treat 
a patient rely on these typed 
documents, so accurate 
transeription is vital: “I see the 
transeriptionist as a partner with 
physieians. We work with them to 
ereate excellent medieal reeords, so 
patients will always be assured of 
reeeiving the best and most 
appropriate eare possible.” 

Shull enjoys the variety of 
medieal transeription work. “It’s 
faseinating because you get to 
follow eaeh patient’s story, from 
the initial problem to diagnosis 
and treatment,” she says. “You 
feel like you know these people. 

It’s like watching a gripping 
television drama—only this is 
real life!” 

Classes for medieal transeription 
are offered through community 
eolleges, proprietary sehools, and 
home-study programs and vary in 
length from several months to two 
years. Aeereditation procedures vary 
from state to state. The Assoeiation 
for Healtheare Documentation 
Integrity (AHDI) evaluates medieal 


Anatomy and 
physiology elasses 
make up a large 
part ofthe 
curriculum in 


medieal 


transeription 
training programs 


transeription programs and posts a 
list of reeommended programs on its 
website. 


For more information, eontaet 
the AHDI: 


4230 Kiernan Avenue, Suite 130 
Modesto, CA 95356 
(800) 982-2182 or (209) 527-9620 
http://ahdionline.org/ 


For additional information on this eareer, 
eliek the Focus on Careers link at 

www.anatomyandphysiology.com. 
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Homeostatie Relationships between the 
lntegumentary System and Other Body Systems 


Endoerine System 


Skin proteets endoerine organs 
Androgens produced by the 
endoerine system aetivate 
sebaceous glands and help 
regulate hair growth; estrogen 
helps maintain skin hydration 







Lymphatie System/lmmunity 


Skin proteets lymphatie organs; 
prevents pathogen invasion 
Lymphatie system prevents 
edema by pieking up excessive 
leaked fluid; immune system 
proteets skin eells 


Digestive System 


Skin proteets digestive 
organs; provides vitamin 
D needed for calcium 
absorption 

Digestive system provides 
needed nutrients for the 
skin 


llrinary System 


Skin proteets urinary organs; 
excretes salts and some 
nitrogen-eontaining wastes in sweat 
llrinary system aetivates vitamin D 
made by keratinoeytes; disposes 
of nitrogen-eontaining wastes of 
skin metabolism 


Muscular System 


Skin proteets muscles 
Aetive muscles generate large 
amounts of heat, which inereases 
blood flow to the skin and may 
promote aetivation of sweat 
glands of skin 



Nervous System 


Skin proteets nervous system 
organs; cutaneous sensory 
reeeptors loeated in skin 
Nervous system regulates 
diameter of blood vessels in skin; 
aetivates sweat glands, 
contributing to thermoregulation; 
interprets cutaneous sensation; 
aetivates arreetor pili muscles 


Respiratory System 


Skin proteets respiratory organs 
Respiratory system furnishes 
oxygen to skin eells and removes 
earbon dioxide via gas exchange 
with blood 


Cardiovascular System 


Skin proteets cardiovascular 
organs; prevents fluid loss from 
body surface; serves as blood 
reservoir 

Cardiovascular system transports 
oxygen and nutrients to skin and 
removes wastes from skin; 
provides substances needed by 
skin glands to make their 
seeretions 


Reproductive System 


Skin proteets reproductive 
organs; highly modified sweat 
glands (mammary glands) 
produce milk. During pregnaney, 
skin stretehes to aeeommodate 
growing fetus; ehanges in skin 
pigmentation may occur 


lntegumentary 

System (Skin) 


Skeletal System 


Skin proteets bones; skin 
synthesizes vitamin D that bones 
need for normal calcium 
absorption and deposit of bone 
(calcium) salts, which make bones 
hard 

Skeletal system provides support 
for the skin 
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Siimmari/ 

Aeeess more revievv material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included belovv. 

iP = InterAetive Physiology 

eiassifieation of Body Membranes (pp. 109-112) 

1. Epithelial: Simple organs, epithelium and eonnee- 
tive tissue eomponents. 

a. Cutaneous (the skin): epidermis (stratified squa- 
mous epithelmm) underlain by the dermis 
(dense eonneetive tissue); proteets body surface. 

b. Mucous: epithelial sheet underlain by a lamina 
propria (areolar eonneetive tissue); lines body 
eavities open to the exterior. 

e. Serous: simple squamous epithelmm resting on 
a seant eonneetive tissue layer; lines the ventral 
body eavity. 

2. Connective tissue: Synovial; lines joint eavities. 

The Integiimentary System (Skin) (pp. 112-127) 

1. Skin hmetions include proteeting the deeper tissue 
from ehemieals, baeteria, bumps, and drying; regu- 
lating body temperature through radiation and 
sweating; and synthesizing defensive proteins and 
vitamin D. The cutaneous sensory reeeptors are 
loeated in the skin. 

2. The epidermis, the more superficial part of the 
skin, is formed of stratified squamous keratinizing 
epithelium and is avascular. Moving from its super- 
fieial to deep region, its layers are the stratum 
corneum, stratum lucidum (in thiek skin only), 
stratum granulosum, stratum spinosum, and stra- 
tum basale. Cells at its surface are dead and eon- 
tinually flake off. They are replaeed by division of 
eells in the basal eell layer. As the eells move away 
from the basal layer, they accumulate keratin and 
die. Melanin, a pigment produced by melanoeytes, 
proteets the nuclei of epithelial eells from the dam- 
aging rays of the sun. 

3. The dermis is eomposed of dense eonneetive 
tissue. It is the site of blood vessels, nerves, and 
epidermal appendages. It has two regions, the 
papillary and reticular layers. The papillary layer 
has ridges, which press on the epidermis to 
produce fingerprints. 


4. Skin appendages are formed from the epidermis 
but reside in the dermis. 

a. Sebaceous glands produce an oily product 
(sebum), usually ducted into a hair folliele. 
Sebum keeps the skin and hair soft and eontains 
baeteria-killing ehemieals. 

b. Sweat (sudoriferous) glands, under the eontrol 
of the nervous system, produce sweat, which is 
ducted to the epithelial surface. These glands 
are part of the body’s heat-regulating appara- 
tus. There are two types: eeerine (the most nu- 
merous) and apoerine (their product includes 
fatty aeids and proteins, which skin baeteria 
metabolize). 

e. A hair is primarily dead keratinized eells and is 
produced by the matrix in the hair bulb. The 
root is enelosed in a sheath, the hair folliele. 

d. Nails are hornlike derivatives of the epidermis. 
Like hair, nails are primarily dead keratinized 
eells. 

3. Most minor afflietions of the skin result from infee- 
tions or allergie responses; more serious are burns 
and skin eaneer. Because they interfere with skin’s 
proteetive functions, burns represent a major 
threat to the body. 

a. Burns result in loss of body f)uids and invasion 
of baeteria. The extent of burns is assessed by 
the rule of nines. The severity (depth) of burns 
is deseribed as first-degree (epidermal damage 
only), seeond-degree (epidermal and some der- 
mal injury), and third-degree (epidermis and 
dermis totally destroyed). Third-degree burns re- 
quire skin grafting. 

b. The most eommon cause of skin eaneer is expo- 
sure to ultraviolet radiation. Cure of basal eell 
eareinoma and squamous eell eareinoma is eom- 
plete if they are removed before metastasis. 
Malignant melanoma, a eaneer of melanoeytes, 
is still fairly rare but is fatal in about half the 
eases. 

Developmental Aspeets of Skin and Body 
Membranes (p. 128) 

1. The skin is thiek, resilient, and well hydrated in 
youth but loses its elastieity and thins as the 
person ages. Skin eaneer is a major threat to skin 
exposed to excessive sunlight. 

2. Balding and/or graying occurs with aging. Both are 
genetieally determined, but other faetors (dmgs, 
emotional stress, and so on) ean result in either. 
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Rei/ieM/ Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. Seleet the one false statement about mucous and 
serous membranes. 

a. The epithelial type is the same in all serous 
membranes, but there are different epithelial 
types in different mucous membranes. 

b. Serous membranes line elosed body eavities, 
whereas mucous membranes line body eavities 
open to the outside. 

e. Serous membranes always produce serous 
fluid, and mucous membranes always seerete 
mucus. 

d. Both membranes eontain an epithelium plus a 
layer of loose eonneetive tissue. 

2. Serous membranes 

a. line the mouth. 

b. have parietal and viseeral layers. 

e. eonsist of epidermis and dermis. 

d. have a eonneetive tissue layer ealled the lamina 
propria. 

e. seerete a lubricating fluid. 

3. Which is not a eomponent of sweat? 

a. Water d. Ammonia 

b. Sodium ehloride e. Vitamin D 

e. Sebum 

4. Which structure is not assoeiated with a hair? 

a. Shaft d. Matrix 

b. Cortex e. Cuticle 

e. Lunule 

3. In investigating the cause of thinning hair, which of 
the following questions needs to be asked? 

a. Is the diet defieient in proteins? 

b. Is the person taking megadoses of vitamin C? 

e. Has the person been exposed to excessive 
radiation? 

d. Has the person reeently suffered severe emo- 
tional trauma? 

6. Which structure is not assoeiated with a nail? 

a. Nail bed e. Nail folds 

b. Lunule d. Nail folliele 


7. Which one of the following is not assoeiated with 
the production of perspiration? 

a. Sweat glands d. Eeerine gland 

b. Sweat pores e. Apoerine gland 

e. Arreetor pili 

8. Which of the following is not a skin structure? 

a. Nerve fiber e. Hair 

b. Dermal papilla d. Nail 

9. Mateh the structures on the right with their function 
listed on the left. 

_ 1. Proteetion from 

ultraviolet 
radiation 

_2. Insulation, 

energy storage 

_ 3. Waterproofing 

and preventing 
water loss 

_4. Temperature 

regulation 

_3. Excretion of 

water, urea, 
and salts 

_ 6. Produces the 

patterns for 
fingerprints 

Short Answer Essay 

10. What is the name of the eonneetive tissue mem- 
brane found lining the joint eavities? 

11. From what types of damage does the skin proteet 
the body? 

12. Explain why we beeome tanned after sitting in the sun. 

13- What is a decubitus ulcer? Why does it occur? 

14. Name two different eategories of skin seeretions 
and the glands that manufacture them. 

15. How does the skin help to regulate body temperature? 

16. What is a blaekhead? 

17. What are arreetor pili? What do they do? 

18. Which skin eaneer arises from the youngest epider- 
mal eells? 

19- Why does hair turn gray? 

20. Name three ehanges that occur in the skin as one ages. 

21. Is a bald man really hairless? Explain. 


a. Reticular layer of the 
dermis 

b. Dermal blood supply 

e. Papillary layer of the 
dermis 

d. Hypodermis 

e. Melanoeytes 

f. Stratum corneum 

g. Eeerine sweat glands 
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Critical Thinking and 
(linieal Applieation 
Questions 

22. A nurse tells a doetor that a patient is eyanotie. 
What is eyanosis? What does its presenee indieate? 

23. Both newborn infants and aged individuals have 
very little subcutaneous tissue. How does this affeet 
their sensitivity to eold environmental temperature? 

24. A 40-year-old beaehboy is eomplaining to you that 
his suntan made him popular when he was young— 
but now his faee is all wrinkled, and he has several 
darkly pigmented moles that are growing rapidly 
and are as big as large eoins. He shows you the 
moles, and immediately you think “ABCD.” What 
does that mean, and why should he be eoneerned? 

23. Martha, the mother of a 13-month-old infant, brings 
her ehild to the elinie because his skin has turned 
orange. Why does the pediatrieian inquire about 
the ehild’s diet? 


26. The water of a swimming pool is hypotonie to our 
eells. Why do we not swell and pop when we go 
for a swim? 

27. Mr. Bellazono, a fisherman in his late sixties, eomes 
to the elinie to eomplain of small ulcers on both 
forearms as well as on his faee and ears. Although 
he has had them for several years, he has not had 
any other problems. What is the likely diagnosis, 
and what is the likely cause? 

28. Mr. Grayson is reeeiving a dmg treatment trans- 
dermally (through the skin). Explain why dmgs 
delivered by this route are fat-soluble rather than 
water-soluble. 

29. Why does sunburned skin often peel in sheets? 

30. Which type of injeetion would allow a dmg to be 
absorbed more rapidly—intradermal or subcuta- 
neous (a shallow injeetion just deep to the epider- 
mis)? Why? 












FHNlTION PREIFIEM/ 

The skeletal system provides an internal framework for the body, proteets organs by 
enclosure, and anehors skeletal muscles so that muscle eontraetion ean cause 
movement. 


Althoiigh the mrd skeleton eomes from the Greek 

word meaning “dried-up body,” our internal frame- 
work is so beautifully designed and engineered that 
it puts any modern skyseraper to shame. Strong, yet 
light, it is perfeetly adapted for its functions of body 
proteetion and motion. No other animal has such 
relatively long legs (eompared to the arms or fore- 
limbs) or such a strange foot, and few have such re- 
markable grasping hands. Even though the infant’s 
baekbone is like an areh, it soon ehanges to the 
swayback, or S-shaped, stmcture that is required for 
the upright posture. 

The skeleton is subdivided into two divisions: 
the axial skeleton, the bones that form the longitu- 
dinal axis of the body, and the appendicular 
skeleton, the bones of the limbs and girdles. In 


addition to bones, the skeletal system includes 
joints, eartilages, and ligaments (fibrous eords that 
bind the bones together at joints). The joints give 
the body flexibility and allow movement to occur. 

Bones: An Overvievv 

Identify the subdivisions of the skeleton as axial or 
appendicular. 

List at least three functions of the skeletal system. 
Name the four main elassifieations of bones. 

At one time or another, all of us have heard the ex- 
pressions “bone tired,” “dry as a bone,” or “bag of 
bones”—pretty unflattering and inaccurate images 
of some of our most phenomenal organs. Our 
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brains, not our bones, eonvey feelings of fatigue, 
and bones are far from dry. As for “bag of bones,” 
they are indeed more obvious in some of us, but 
without bones to form our internal skeleton, we 
would ereep along the ground like slugs, laeking 
any definite shape or form. Let’s examine how our 
bones contribute to overall body homeostasis. 

Functions of the Bones 

Besides contributing to body shape and form, our 
bones perform several important body functions: 

1. Support. Bones, the “steel girders” and “rein- 
foreed eonerete” of the body, form the internal 
framework that supports the body and eradles 
its soft organs. The bones of the legs aet as pil- 
lars to support the body tmnk when we stand, 
and the rib eage supports the thoraeie wall. 

2. Proteetion. Bones proteet soft body organs. 
For example, the fused bones of the skull pro- 
vide a snug enclosure for the brain, allowing 
someone to head a soeeer ball without worry- 
ing about injuring the brain. The vertebrae 
surround the spinal eord, and the rib eage 
helps proteet the vital organs of the thorax. 

3. Movement. Skeletal muscles, attaehed to 
bones by tendons, use the bones as levers to 
move the body and its parts. As a result, we 
ean walk, swim, throw a ball, and breathe. 
Before continuing, take a moment to imagine 
that your bones have turned to putty. What if 
you were mnning when this ehange took 
plaee? Now imagine your bones forming a rigid 
metal framework inside your body, somewhat 
like a system of plumbing pipes. What prob- 
lems could you envision with this arrangement? 
These images should help you understand how 
well our skeletal system provides support and 
proteetion while allowing movement. 

4. Storage. Fat is stored in the internal (marrow) 
eavities of bones. Bone itself serves as a store- 
house for minerals, the most important of 
which are calcium and phosphoms. Most of 
the body’s calcium is deposited in the bones 
as calcium salts, but a small amount of ealemm 
in its ion form (Ca ) must be present in the 
blood at all times for the nervous system to 
transmit messages, for muscles to eontraet, and 
for blood to elot. Problems occur not only 
when there is too little calcium in the blood, 
but also when there is too much. Hormones 


Spongy 
bone 

Compact 
bone 

Figure 5.1 Flat bones eonsist of a layer of 
spongy bone sandwiched between two thin 
layers of eompaet bone. 

eontrol the movement of calcium to and from 
the bones and blood aeeording to the needs of 
the body. Indeed, “deposits” and “with- 
drawals” of calcium (and other minerals) to 
and from bones go on almost all the time. 

5. Blood eell formation. Blood eell formation, 
or hematopoiesis (hem"ah-to-poi-e'sis), occurs 
within the marrow eavities of eertain bones. 

eiassifieation of Bones 

The adult skeleton is eomposed of 206 bones. 
There are two basie types of osseous, or bone, tis- 
sue: Compact bone is dense and looks smooth 
and homogeneous (Figure 5.1). Spongy bone is 
eomposed of small needlelike pieees of bone and 
lots of open spaee. 

Additionally, bones eome in many sizes and 
shapes. For example, the tiny pisiform bone of the 
wrist is the size and shape of a pea, whereas the 
femur, or thigh bone, is nearly 2 feet long and has 
a large, ball-shaped head. The unique shape of 
eaeh bone fulfills a particular need. Bones are 
elassified aeeording to shape into four groups: 
long, short, flat, and irregular (Figure 5.2). 

As their name suggests, long bones are typi- 
eally longer than they are wide. As a mle they 
have a shaft with heads at both ends. Long bones 
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(a) Long bone (humerus) 



(b) lrregular bone (vertebra), 
right lateral view 




(c) Flat bone (sternum) 



(d) Short bone (talus) 


Figure 5.2 Classification of bones on the basis of shape 


are mostly eompaet bone. All the bones of the 
limbs, except the patella (kneeeap) and the wrist 
and ankle bones, are long bones. 

Short bones are generally cube-shaped and 
eontain mostly spongy bone. The bones of the 
wrist and ankle are short bones. Sesamoid (ses'ah- 
moyd) bones, which form within tendons, are a 
speeial type of short bone. The best-known exam- 
ple is the patella. 

Flat bones are thin, flattened, and usually 
curved. They have two thin layers of eompaet 
bone sandwiching a layer of spongy bone between 
them (see Figure 5.1). Most bones of the skull, the 
ribs, and the sternum (breastbone) are flat bones. 


Bones that do not fit one of the preeeding eat- 
egories are ealled irregular bones. The verte- 
brae, which make up the spinal column, and the 
hip bones fall into this group. 

DID YOU GET IT 

1. VVhat is the relationship between muscle function and 
bones? 

2 . VVhat are two functions of a bone’s marrow eavities? 

3. VVhere are most long bones found in the body? 

For ansvvers, see Appendix D. 
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Compact bone 


Perosteum 


Perforating 
(Sharpey’s) 
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(C) 

Figure 5-3 The structure of a long bone (humerus of arm). (a) Anterior view with 
longitudinal seetion cut away at the proximal end. (b) Pie-shaped, three-dimensional view 
of spongy bone and eompaet bone of the epiphysis. (e) Cross seetion of the shaft 
(diaphysis). Note that the external surface of the diaphysis is eovered by a periosteum, 
but the articular surface of the epiphysis (see a and b) is eovered with hyaline eartilage. 



Endosteum 


Structure of Bone 

Identify the major anatomieal areas of a long bone. 

Deseribe the mieroseopie structure of eompaet bone. 

Explain the role of bone salts and the organie matrix in 
making bone both hard and flexible. 


Gross Anatomy of a Long Bone 

The gross structure of a long bone is shown in 
Figure 5.3. The diaphysis (di-af'i-sis), or shaft, 
makes up most of the bone’s length and is eom- 
posed of eompaet bone. The diaphysis is eovered 
and proteeted by a fibrous eonneetive tissue 
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membrane, the periosteum (per-e-òs'te-um). Hun- 
dreds of eonneetive tissue fibers, ealled perforating, 
or Sharpey’s, fìbers secure the periosteum to the 
underlying bone. 

The epiphyses (é-pif'' í-séz) are the ends of 
the long bone. Eaeh epiphysis eonsists of a thin 
layer of eompaet bone enelosing an area filled 
with spongy bone. Articular eartilage, instead of 
a periosteum, eovers its external surface. Because 
the articular eartilage is glassy hyaline eartilage, it 
provides a smooth, slippery surface that deereases 
frietion at joint surfaces. 

In adult bones, there is a thin line of bony tis- 
sue spanning the epiphysis that looks a bit different 
from the rest of the bone in that area. This is the 
epiphyseal line. The epiphyseal line is a remnant 
of the epiphyseal plate (a flat plate of hyaline ear- 
tilage) seen in a young, growing bone. Epiphyseal 
plates cause the lengthwise growth of a long bone. 
By the end of puberty, when hormones inhibit long 
bone growth, epiphyseal plates have been eom- 
pletely replaeed by bone, leaving only the epiphy- 
seal lines to mark their previous loeation. 

In adults the eavity of the shaft is primarily a 
storage area for adipose (fat) tissue. It is ealled the 
yellow marrow, or medullary, eavity. However, 
in infants this area forms blood eells, and red 
marrow is found there. In adult bones, red mar- 
row is eonfined to eavities in the spongy bone of 
fiat bones and the epiphyses of some long bones. 

Even when looking casually at bones, you ean 
see that their surfaces are not smooth but searred 
with bumps, holes, and ridges. These bone mark- 
ings, deseribed and illustrated in Table 5.1 (p. 142), 
reveal where muscles, tendons, and ligaments were 
attaehed and where blood vessels and nerves 
passed. There are two eategories of bone markings: 
(a) projeetions, or proeesses, which grow out from 
the bone surface, and (b) depressions, or eavities, 
which are indentations in the bone. You do not 
have to learn these terms now, but they ean help 
you remember some of the speeifie markings on 
bones that we will introduce later in this ehapter. 

There is a little triek for remembering some of 
the bone markings listed in the table: All the terms 
beginning with T are projeetions. The terms begin- 
ning with F (except faeet ) are depressions. 

Mieroseopie Anatomy 

To the naked eye, spongy bone has a spiky, open 
appearanee, whereas eompaet bone appears to be 


very dense. Looking at eompaet bone tissue 
through a mieroseope, however, you ean see that 
it has a complex structure (Figure 5.4). It is rid- 
dled with passageways earrying nerves, blood 
vessels, and the like, which provide the living 
bone eells with nutrients and a route for waste 
disposal. The mature bone eells, osteoeytes 
(os'te-o-sítz"), are found within the matrix in tiny 
eavities ealled lacunae (lah-ku'ne). The lacunae 
are arranged in eoneentrie eireles ealled lamellae 
(lah-mel'e) around eentral (Haversian) eanals. 
Eaeh complex eonsisting of eentral eanal and ma- 
trix rings is ealled an osteon, or Haversian sys- 
tem. Central eanals mn lengthwise through the 
bony matrix, earrying blood vessels and nerves to 
all areas of the bone. Tiny eanals, canaliculi 
(kan"ah-lik'u-li), radiate outward from the eentral 
eanals to all lacunae. The canaliculi form a trans- 
portation system that eonneets all the bone eells 
to the nutrient supply through the hard bone ma- 
trix. Because of this elaborate network of eanals, 
bone eells are well nourished in spite of the hard- 
ness of the matrix, and bone injuries heal quickly 
and well. The communication pathway from 
the outside of the bone to its interior (and the 
eentral eanals) is eompleted by perforating 
(Volkmann’s) eanals, which run into the eom- 
paet bone at right angles to the shaft. 

Bone is one of the hardest materials in the 
body, and although relatively light in weight, it 
has a remarkable ability to resist tension and 
other forees aeting on it. Nature has given us an 
extremely strong and exceptionally simple (al- 
most crude) supporting system without giving 
up mobility. The calcium salts deposited in the 
matrix give bone its hardness, which resists eom- 
pression. The organie parts (espeeially the eolla- 
gen fibers) provide for bone’s flexibility and 
great tensile strength (ability to be stretehed 
without breaking). 

DID YOU GET IT 

4. What is the anatomieal name for the shaft of a long 
bone? For its ends? 

5. How does the structure of eompaet bone differ from 
the structure of spongy bone when viewed with the 
naked eye? 

6 . What is the importanee of canaliculi? 

For answers, see Appendix D. 
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Figure 5.4 Mieroseopie structure of eompaet bone. Diagram of a pie-shaped 
segment of eompaet bone. (The inset shows a more highly magnified view.) Notiee the 
position of osteoeytes in lacunae (eavities in the matrix). 


Bone Formation, Growth r 
and Remodeling 

Deseribe briefly the proeess of bone formation in the 
fetiis, and summarize the events of bone remodeling 
throughout life. 


The skeleton is formed from two of the strongest 
and most supportive tissues in the body—eartilage 
and bone. In embryos, the skeleton is primarily 
made of hyaline eartilage, but in the young ehild 
most of the eartilage has been replaeed by bone. 
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Figure 5.5 Stages of long-bone formation in an embryo, fetus, 
and young ehild. 
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Cartilage remains only in isolated areas such as the 
bridge of the nose, parts of the ribs, and the joints. 

Except for flat bones, which form on fibrous 
membranes, most bones develop using hyaline ear- 
tilage structures as their “models.” Most simply, this 
proeess of bone formation, or ossifieation (os"f-fi- 
ka'shun), involves two major phases (Figure 5.5). 
First, the hyaline eartilage model is eompletely eov- 
ered with bone matrix (a bone “eollar”) by bone- 
forming eells ealled osteoblasts. So, for a short 
period, the fetus has eartilage “bones” enelosed by 
“bony” bones. Then, the enelosed hyaline eartilage 
model is digested away, opening up a medullary 
eavity within the newly formed bone. 

By birth or shortly after, most hyaline eartilage 
models have been eonverted to bone except for 
two regions—the articular eartilages (that eover 
the bone ends) and the epiphyseal plates. New 
eartilage is formed continuously on the external 
faee of the articular eartilage and on the epiphy- 
seal plate surface that faees the bone end (is far- 
ther away from the medullary eavity). At the same 
time, the old eartilage abutting the internal faee of 
the articular eartilage and the medullary eavity is 
broken down and replaeed by bony matrix 
(Figure 5.6). 


Growing bones also must widen as they 
lengthen. How do they widen? Simply, osteoblasts 
in the periosteum add bone tissue to the external 
faee of the diaphysis as eells ealled osteoelasts in 
the endosteum remove bone from the inner faee 
of the diaphysis wall (see Figure 5.6). Because 
these two proeesses occur at about the same rate, 
the circumference of the long bone expands and 
the bone widens. This proeess by which bones in- 
erease in diameter is ealled appositional growth. 
This proeess of long-bone growth is eontrolled by 
hormones, the most important of which are 
growth hormone and, during puberty, the sex hor- 
mones. It ends during adoleseenee, when the epi- 
physeal plates are eompletely eonverted to bone. 

Many people mistakenly think that bones are 
lifeless structures that never ehange onee long- 
bone growth has ended. Nothing could be further 
from the truth; bone is a dynamie and aetive tis- 
sue. Bones are remodeled continually in response 
to ehanges in two faetors: (1) calcium levels in the 
blood and (2) the pull of gravity and muscles on 
the skeleton. We outline how these faetors influ- 
enee bones next. 

When blood calcium levels drop below ho- 
meostatie levels, the parathyroid glands (loeated in 
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Figure 5-6 Growth and remodeling of long bones. The events at the left depiet 
the proeess of ossifieation that occurs at the articular eartilages and epiphyseal plates as 
the bone grovvs in length. The events at the right shovv bone remodeling and appositional 
grovvth during long-bone grovvth to maintain proper bone proportions. 


the throat) are stimulated to release parathyroid 
hormone (PTH) into the blood. PTH aetivates 
osteoelasts, giant bone-destroying eells in bones, to 
break down bone matrix and release calcium ions 
into the blood. When blood calcium levels are too 
high (hyperealeemia [hi" per-kal-se' me-ah]), calcium 
is deposited in bone matrix as hard calcium salts. 

Bone remodeling is essential if bones are to 
retain normal proportions and strength during long- 
bone growth as the body inereases in size and 
weight. It also accounts for the faet that bones be- 
eome thieker and form large projeetions to inerease 
their strength in areas where bulky muscles are at- 
taehed. At such sites, osteoblasts lay down new ma- 
trix and beeome trapped within it. (Onee they are 
trapped, they beeome osteoeytes, or mature bone 
eells.) In eontrast, the bones of bedridden or physi- 
eally inaetive people tend to lose mass and to atro- 
phy because they are no longer subjected to stress. 

These two eontrolling meehanisms—calcium 
uptake and release and bone remodeling—work 
together. PTH determines when (or //) bone is to 
be broken down or formed in response to the 
need for more or fewer calcium ions in the blood. 
The stresses of muscle pull and gravity aeting on 
the skeleton determine where bone matrix is to be 
broken down or formed so that the skeleton ean 
remain as strong and vital as possible. 


HOMEOSTATIC IMBALANOE 

Riekets is a disease of ehildren in 
which the bones fail to ealeify. As a result, the 
bones soften, and the weight-bearing bones of 
the legs show a definite bowing. Riekets is usu- 
ally due to a laek of calcium in the diet or laek of 
vitamin D, which is needed to absorb calcium 
into the bloodstream. Riekets is not seen very of- 
ten in the United States. Milk, bread, and other 
foods are fortified with vitamin D, and most ehil- 
dren drink enough calcium-rich milk. However, it 
ean happen in infants nursed by mothers who 
beeome vitamin D-defieient over the course of a 
long gray winter, and it remains a problem in 
some other parts of the world. ) 



DID YOU GET IT 



7. Bones don’t begin as bones. What do they begin as? 

8 . Which stimulus—PTH (a hormone) or meehanieal 
forees aeting on the skeleton—is more important in 
maintaining blood calcium levels than in maintaining 
bone strength? 

9. If osteoelasts in a long bone are more aetive than 
osteoblasts, what ehange in bone mass is likely to 
occur? 


For answers, see Appendix D. 


(Continues on page 144) 
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Table 5.1 Bone Markings 


Name of bone marking Deseription 

lllustration 


Projeetions that are sites of muscle and iigament attaehment 


Tiiberosity 


Crest 


Troehanter 

(tro-kan'ter) 


Line 


Large, rounded projeetion; 
may be roughened 

Narrow ridge of bone; 
usually prominent 

Very large, blunt, 
irregularly shaped 
proeess (the only 
examples are on the 
femur) 

Narrow ridge of bone; 
less prominent than a erest 


Coxal 

bone 


Troehanter 




erest 


isehial 

spine 


isehial 

tuberosity 


Femur 

of 

thigh 



intertroehanterie 


Adductor 

tubercle 


Medial 

epieondyle 

Condyle 


Tubercle (too'ber-kl) 

Epieondyle 

Spine 

Proeess 


Small, rounded projeetion or proeess 
Raised area on or above a eondyle 
Sharp, slender, often pointed projeetion 
Any bony prominenee 



proeess 


Projeetions that heip to form joints 


Head 


Faeet 


Condyle (kon'dil) 


Bony expansion earried on a 
narrow neek 

Smooth, nearly flat articular surface 
Rounded articular projeetion 


Ramus (ra'mus) 


Armlike bar of bone 


Head 



Condyle 

Ramus- 



Mandible 


Depressions and openings 

For passage of blood vessels and nerves 


Groove 


Fissure 

Foramen (fo-ra'men) 
Noteh 


Others 

Meatus (me-a'tus) 
Sinus 


Fossa (fos'ah) 


Furrow 


Narrow, slitlike opening 

Round or oval opening through a bone 

Indentation at the edge of a structure 


Canal-like passageway 

Cavity within a bone, filled with air and lined 
with mucous membrane 

Shallow, basinlike depression in a bone, 
often serving as an articular surface 


Meatus 


Fossa 

Noteh 


G roove 



Sinus 



Inferior 
orbital 
fissure 

Foramen 


Skull 























Radiologie teehnologists supply 
eritieal information that allows 
doetors to make accurate 
diagnoses. 

“You never know what’s going to 
walk in the door, really,” says Maggie 
Regalado, a radiologie teehnologist 
at Dell Ohildren’s Hospital in Austin, 
Texas. “In an emergeney room, you 
see kids who swallowed something, 
ear aeeident vietims, all kinds of 
things.” Regalado and her coworkers 
operate X-ray equipment and must 
be ready to do everything from 
preparing patients for MRIs to ehest 
X rays in the operating room for an 
aeeident vietim. 

Regalado beeame interested in 
radiology after her father strongly 
suggested it to her. Fortunately for 
Regalado, anatomy was her favorite 
elass, because it’s an important one 
for radiologie teehnologists. After 
getting her assoeiate’s degree in 
diagnostie imaging, she eompleted 
both state and national eertifieation. 
To keep her eertifieation current, she 
must do 24 hours of continuing 
education every two years. 

You don't want to 
make errors, 
because one thing 
you do wrong could 
eost this patient his 
or her life. 

“I didn’t realize how big a field it 
was,” she says. With X rays you’re 


eonstantly moving from here to 
there, from surgery to the neonatal 
intensive eare unit and so on.” 

As you might guess, radiologie 
teehnologists, espeeially in 
hospitals, must be prepared to 
spend a lot of time on their 
feet and to think quickly. 

Regalado deseribed one ease 
when a two-car aeeident sent five 
ehildren to the trauma unit. The 
radiologie teehnologists had to 
work quickly to help the doetors 
see what injuries the ehildren 
suffered—and almost as 
importantly, to make sure not to 
mix up anyone’s X rays. 

“You don’t want to make errors, 
because one thing you do wrong 
could eost this patient his or her 
life.” she says. “Even though 
radiology ean get emotional, you 
have to drop all that and stay 
teehnieal with your job.” 

“We ean’t see your bones with our 
bare eyes, so we have to make sure 
we position you eorreetly. Then also, 
if you say, ‘It hurts here,’ l’ll eall the 
doetor and see if he wants to do a 
different type of X ray.” 

Regalado enjoys working with the 
patients at Dell. Getting ehildren to 
remain perfeetly still and positioned 
eorreetly is a ehallenge, but the 
imaging department has toys and 
televisions to distraet them. For 
babies who eannot easily hold still or 
understand why they need to, there 
are various deviees to position them 
appropriately. 

“We have a lot of interaetion with 
the patients, with the patient’s family, 
we try to joke around and make 
them happy,” she say. “When we 
make the ehild happy, then the 
parents are happy.” 



In a hospital setting, radiologie 
teehnologists are needed 24 hours a 
day, and often are required to be on- 
eall in addition to their regular shifts. 
Teehnologists who work in elinies 
usually have a more traditional 9-to-5 
schedule. Depending on the elinie, 
these teehnologists may also 
speeialize in areas such as ultrasound, 
mammography, magnetie resonanee 
imaging (MRI), or computed 
tomography (CT). 

For more information eontaet: 

Ameriean Soeiety of Radiologie 

Teehnologists 

15000 Central Ave. SE 

Albuquerque, NM 87123-3909 

(800) 444-2778 

http://www.asrt.org 

For additional information on this eareer, 
eliek the Focus on Careers link at 

www.anatomyandphysiology.com. 
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Figure 5.7 Stages in the healing of a bone fracture. 


Bone Fractures 

Name and deseribe the various types of fractures. 

HOMEOSTATIC IMBALANCE 

For their relatively low mass, bones are 
amazingly strong. Consider, for example, the 
forees endured in touch football and professional 
hoekey. Despite their remarkable strength, bones 
are susceptible to fractures, or breaks, all through 
life. During youth, most fractures result from 
exceptional trauma that twists or smashes the 
bones. Sports aetivities such as football, skating, 
and skiing jeopardize the bones, and automobile 
aeeidents eertainly take their toll. In old age, bones 
thin and weaken, and fractures occur more often. 

A fracture in which the bone breaks eleanly but 
does not penetrate the skin is a elosed (or simple ) 
fraetnre. When the broken bone ends penetrate 
through the skin, the fracture is open (or eom- 
pound). Some of the many eommon types of frae- 
tures are illustrated and deseribed in Table 5.2. ) 

A fracture is treated by reduction, which is 
the realignment of the broken bone ends. In 
elosed rednetion, the bone ends are coaxed baek 
into their normal position by the physieian’s 
hands. In open rednetions, surgery is performed 
and the bone ends are secured together with pins 
or wires. After the broken bone is reduced, it is 
immobilized by a east or traetion to allow the 



healing proeess to begin. The healing time for a 
simple fracture is 6 to 8 weeks, but it is much 
longer for large bones and for the bones of older 
people (because of their poorer circulation). 

The repair of bone fractures involves four 
major events (Figure 5.7): 

® A hematoma forms. Blood vessels are mp- 
tured when the bone breaks. As a result, a 
blood-filled swelling ealled a hematoma 
(he-mah-to'mah) forms. Bone eells deprived 
of nutrition die. 

@ A fìbroeartilage callus forms. As deseribed 
in ehapter 3, an early event of tissue repair 
(and bone repair is no exception) is the 
growth of new eapillaries (granulation tissue) 
into the elotted blood at the site of the damage 
and disposal of dead tissue by phagoeytes. As 
this goes on, eonneetive tissue eells of various 
types form a mass of repair tissue, the 
fìbroeartilage callus (kal'us), that eontains 
several elements—some eartilage matrix, some 
bony matrix, and eollagen fibers—and aets to 
“splint” the broken bone, elosing the gap. 

(§) The bony callus forms. As more osteoblasts 
and osteoelasts migrate into the area and multi- 
ply, the fibroeartilage callus is gradually replaeed 
by the bony callus made of spongy bone. 

® Bone remodeling occurs. Over the next few 
weeks to months, depending on the bone’s 
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Table 5.2 

Common Types of Fractures 


Fracture type 

lllustration Deseription 

eomment 


Comminuted 

Compression 

Depressed 

impaeted 

Spiral 

Greenstiek 



Bone breaks into many 
fragments 

Bone is emshed 


Broken bone portion is 
pressed invvard 

Broken bone ends are 
foreed into eaeh other 

Ragged break occurs vvhen 
excessive tvvisting forees are 
applied to a bone 

Bone breaks ineompletely, 
much in the vvay a green 
tvvig breaks 


Particularly eommon in older 
people, vvhose bones are 
more brittle 

Common in porous bones 
(i.e., osteoporotie bones of 
older people) 

Typieal of skull fracture 


Commonly occurs vvhen 
someone attempts to break 
a fall vvith outstretched arms 

Common sports fracture 


Common in ehildren, vvhose 
bones are more flexible than 
those of adults 


size and site of the break, the bony callus is re- 
modeled in response to the meehanieal 
stresses plaeed on it, so that it forms a strong, 
permanent “pateh” at the fracture site. 

DID YOU GET IT 

10. What is a fracture? What two fracture types are 
particularly eommon in older people? 

For answers, see Appendix D. 

Axial Skeleton 

As noted earlier, the skeleton is divided into two 
parts, the axial and appendieiilar skeletons. 
The axial skeleton, which forms the longitudinal 
axis of the body, is shown as the green 
portion of Figure 5.8. It ean be divided into 
three parts—the skull, the vertebral column, and 
the thoraeie eage. 

Skull 

On a skull or diagram, identify and name the bones of 
the skull. 


Deseribe how the skull of a newborn infant (or fetus) 
differs from that of an adult, and explain the 
function of fontanels. 

The skull is formed by two sets of bones. The 
cranium eneloses and proteets the fragile brain 
tissue. The faeial bones hold the eyes in an ante- 
rior position and allow the faeial muscles to show 
our feelings through smiles or frowns. All but one 
of the bones of the skull are joined together by 
sutures, which are interloeking, immovable joints. 
Only the mandible (jawbone) is attaehed to the 
rest of the skull by a freely movable joint. 

Cranium 

The boxlike cranium is eomposed of eight large 
flat bones. Except for two paired bones (the pari- 
etal and temporal), they are all single bones. 

Frontal Bone The frontal bone forms the fore- 
head, the bony projeetions under the eyebrows, and 
the superior part of eaeh eye’s orbit (Figure 5.9). 

Parietal Bones The paired parietal bones form 

most of the superior and lateral walls of the era- 
nium (see Figure 5.9). They meet in the midline of 
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(a) Anterior view (b) Posterior view 

Figure 5.8 The hiiman skeleton. The bones of the axial skeleton are eolored green. 
Bones of the appendicular skeleton are gold. 
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Figure 5.9 Human skull, lateral view. 


the skull at the sagittal suture and form the 
eoronal suture, where they meet the frontal bone. 

Temporal Bones The temporal bones lie infe- 

rior to the parietal bones; they join them at the 
squamous sutures. Several important bone mark- 
ings appear on the temporal bone (see Figure 5.9): 

• The external acoustic meatus is a eanal that 
leads to the eardmm and the middle ear. It is 
the route by which sound enters the ear. 

• The styloid proeess, a sharp, needlelike pro- 
jeetion, is just inferior to the external auditory 
meatus. Many neek muscles use the styloid 
proeess as an attaehment point. 

• The zygomatie (zi"go-mat'ik) proeess is a 
thin bridge of bone that joins with the eheek- 
bone (zygomatie bone) anteriorly. 

• The mastoid (mas'toid) proeess, which is full 
of air eavities (mastoid sinuses), is a rough pro- 
jeetion posterior and inferior to the external 
acoustic meatus. It provides an attaehment site 
for some muscles of the neek. 

The mastoid sinuses are so elose to the mid- 
dle ear—a high-risk spot for infeetions—that 
they may beeome infeeted too, a eondition 


ealled mastoiditis. Also, this area is so elose 
to the brain that mastoiditis may spread to 
the brain. 

• The jugular foramen, at the junction of the 
oeeipital and temporal bones (Figures 5.10 
and 5.11), allows passage of the jugular vein, 
the largest vein of the head, which drains the 
brain. Just anterior to it in the eranial eavity is 
the internal acoustic meatus (see Figure 

5.10) , which transmits eranial nerves VII and 
VIII (the faeial and vestibulocochlear nerves). 
Anterior to the jugular foramen on the skull’s 
inferior aspeet is the earotid eanal (see Figure 

5.11) , through which the internal earotid artery 
mns, supplying blood to most of the brain. 

n Oeeipital Bone If you look at Figures 5.9, 5.10, 

and 5.11, you ean see that the oeeipital (ok-sip'i- 
tal) bone is the most posterior bone of the era- 
nium. It forms the base and baek wall of the skull. 
The oeeipital bone joins the parietal bones anteri- 
orly at the lambdoid (lam'doyd) suture. In the 
base of the oeeipital bone is a large opening, 
the foramen magnum (literally, “large hole”). The 
foramen magnum surrounds the lower part of the 
brain and allows the spinal eord to eonneet with 
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Figure 5.10 Human skull, superior view (top of cranium removed) 
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Figure 5.11 Human skull, inferior view (mandible removed) 
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What bone articulates with every other faeial bone? 
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Nasal bone 
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Superior orbital fissure 
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Inferior nasal eoneha 


Vomer 


Alveolar proeesses 


Figure 5.12 Human skull, anterior víew 


the brain. Lateral to the foramen magnum on eaeh 
side are the roekerlike oeeipital eondyles (see 
Figure 5.11), which rest on the first vertebra of the 
spinal column. 

I Sphenoid Bone The butterfly-shaped sphenoid 

(sfe'noid) bone spans the width of the skull and 
forms part of the floor of the eranial eavity (see 
Figure 5.10). In the midline of the sphenoid is a 
small depression, the sella turcica (sel'ah tur'sí- 
kah), or Tnrk’s saddle, which forms a snug enelo- 
sure for the pituitary gland. The foramen ovale, 
a large oval opening in line with the posterior end 


of the sella turcica (Figure 5.10), allows fibers of 
eranial nerve V (the trigeminal nerve) to pass to 
the chewing muscles of the lower jaw (mandible). 
Parts of the sphenoid bone, seen exteriorly form- 
ing part of the eye orbits, have two important 
openings, the optie eanal, which allows the optie 
nerve to pass to the eye, and the slitlike superior 
orbital fìssure, through which the eranial nerves 
eontrolling eye movements (III, IV, and VI) pass 
(see Figure 5.10 and Figure 5.12). The eentral part 
of the sphenoid bone is riddled with air eavities, 
the sphenoidal sinuses (see Figure 5.13). 
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(a) Anterior view 
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(b) Medial view 

Figure 5.13 Paranasal sinuses. 


_ Ethmoid Bone The ethmoid (eth'moid) bone is 

very irregularly shaped and lies anterior to the 
sphenoid (Figure 5.12; see also Figures 5.9 and 
5.10). It forms the roof of the nasal eavity and part 
of the medial walls of the orbits. Projeeting from 
its superior surface is the erista galli (kris'tah 
gah'le), literally “eoek’s eomb” (see Figure 5.10). 
The outermost eovering of the brain attaehes 
to this projeetion. On eaeh side of the erista galli 


are many small holes. These holey areas, the 
eribriform (krib'rí-form) plates, allow nerve 
fibers earrying impulses from the olfaetory (smell) 
reeeptors of the nose to reaeh the brain. 
Extensions of the ethmoid bone, the superior and 
middle nasal eonehae (kong'ke), form part of 
the lateral walls of the nasal eavity (see Figure 
5.12) and inerease the turbulence of air flowing 
through the nasal passages. 

Faeial Bones 

Fomteen bones eompose the faee. Twelve are 
paired; only the mandible and vomer are single. 
Figrnes 5.9 and 5.12 show most of the faeial bones. 

I Maxillae The two maxillae (mak-si'le), or 
maxillary bones, fuse to form the upper jaw. All 
faeial bones except the mandible join the maxillae; 
thus they are the main, or “keystone,” bones of the 
faee. The maxillae earry the upper teeth in the 
alveolar proeess. 

Extensions of the maxillae ealled the palatine 
(pal'ah-tm) proeesses form the anterior part of 
the hard palate of the mouth (see Figure 5.11). Like 
many other faeial bones, the maxillae eontain 
sinuses, which drain into the nasal passages 
(Figure 5.13). These paranasal sinuses, whose 

naming reveals their position surrounding the nasal 
eavity, lighten the skull bones and amplify the 
sounds we make as we speak. They also cause 
many people a great deal of misery. Because the 
mucosa lining these sinuses is continuous with that 
in the nose and throat, infeetions in these areas 
tend to migrate into the sinuses, causing sirmsitis. 
Depending on which sinuses are infeeted, a 
headaehe or upper jaw pain is the usual result. 

_ Palatine Bones The paired palatine bones lie 

posterior to the palatine proeesses of the maxillae. 
They form the posterior part of the hard palate 
(see Figure 5.11). Failure of these or the palatine 
proeesses to fuse medially results in eleftpalate. 

_ Zygomatie Bones The zygomatie bones are 

eommonly referred to as the eheekbones. They 
also form a good-sized portion of the lateral walls 
of the orbits, or eye soekets. 

n Laerimal Bones The laerimal (lak'ri-mal) bones 

are fingernail-sized bones forming part of the 
medial walls of eaeh orbit. Eaeh laerimal bone has 
a groove that serves as a passageway for tears 
(laerima = tear). 
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Greater horn 
Lesser horn 


Body 

Figiire 5.14 Anatomieal loeation and structure 
of the hyoid bone. Anterior view. 



n Nasal Bones The small rectangular bones form- 
ing the bridge of the nose are the nasal bones. 
(The lower part of the skeleton of the nose is 
made up of eartilage.) 

_ Vomer Bone The single bone in the median line 

of the nasal eavity is the vomer. (Vomer means 
a plow,” which refers to the bone’s shape.) The 
vomer forms most of the bony nasal septum. 

n Inferior Nasal Oonehae The inferior nasal eon- 

ehae are thin, emved bones projeeting medially 
from the lateral walls of the nasal eavity. (As men- 
tioned earlier, the superior and middle eonehae 
are similar but are parts of the ethmoid bone.) 

I Mandible The mandible, or lower jaw, is the 
largest and strongest bone of the faee. It joins the 
temporal bones on eaeh side of the faee, forming 
the only freely movable joints in the skull. You ean 
find these joints on yourself by plaeing your fingers 
over your eheekbones and opening and elosing 
your mouth. The horizontal part of the mandible 
(the body) forms the ehin. Two upright bars of 
bone (the ramì) extend from the body to eonneet 
the mandible with the temporal bone. The lower 
teeth lie in alveoli (soekets) in the alveolar proeess 
at the superior edge of the mandibular body. 

The Hyoid Bone 

Though not really part of the skull, the hyoid 
(hi'oid) bone (Figure 5.14) is elosely related to the 
mandible and temporal bones. The hyoid bone is 
unique in that it is the only bone of the body that 
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Figure 5.15 The fetal skull. (a) Superior view. 
(b) Lateral view. 


does not articulate direetly with any other bone. 
Instead, it is suspended in the midneek region 
about 2 em (1 ineh) above the larynx, where it is 
anehored by ligaments to the styloid proeesses of 
the temporal bones. Horseshoe-shaped, with a 
body and two pairs of horns, or eornna, the hyoid 
bone serves as a movable base for the tongue and 
as an attaehment point for neek muscles that raise 
and lower the larynx when we swallow and speak. 

Fetal Skull 

The skull of a fetus or newborn infant is different in 
many ways from an adult skull (Figure 5.15). As 
Figure 5.15b illustrates, the infant’s faee is very small 
eompared to the size of its cranium, but the skull as 
a whole is large eompared to the infant’s total body 
length. The adult skull represents only one-eighth of 
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the total body length, whereas that of a newborn in- 
fant is one-fourth as long as its entire body. When a 
baby is born, its skeleton is still unfinished. As noted 
earlier, some areas of hyaline eartilage still remain to 
be ossified, or eonverted to bone. In the newborn, 
the skull also has fibrous regions that have yet to be 
eonverted to bone. These fibrous membranes eon- 
neeting the eranial bones are ealled fontanels 
(fon'Tah-nelz'). The rhythm of the baby’s pulse ean 
be felt in these “soft spots,” which explains their 
name (fontanel = little fountain). The largest 
fontanel is the diamond-shaped anterior fontanel. 
The fontanels allow the fetal skull to be eompressed 
slightly during birth. In addition, because they are 
flexible, they allow the infant’s brain to grow during 
the later part of pregnaney and early infaney. This 
would not be possible if the eranial bones were 
fused in sutures as in the adult skull. The fontanels 
are gradually eonverted to bone during the early 
part of infaney and ean no longer be felt by 22 to 24 
months after birth. 

DID YOU GET IT 

11. VVhat are the three main parts of the axial skeleton? 

12. Johnny was vigorously exercising the only joints in the 
skull that are freely movable. VVhat would you guess 
he was doing? 

13. VVhieh skull bone(s) form the “keystone of the faee”? 

14. VVhieh bone has the eribriform plate and erista galli? 

15. VVhieh bones are eonneeted by the eoronal suture? 

By the sagittal suture? 

For ansvvers, see Appendix D. 

Vertebral Column (Spine) 

Name the parts of a typieal vertebra, and explain in 
general how the eervieal, thoraeie, and lumbar 
vertebrae differ from one another. 

Discuss the importanee of the intervertebral dises and 
spinal curvatures. 

Explain how the abnormal spinal curvatures (seoliosis, 
lordosis, and kyphosis) differ from one another. 

Serving as the axial support of the body, the 
vertebral column, or spine, extends from the 
skull, which it supports, to the pelvis, where it 
transmits the weight of the body to the lower 
limbs. Some people think of the vertebral column 
as a rigid supporting rod, but that picture is inaccu- 
rate. Instead, the spine is formed from 26 irregular 


bones eonneeted and reinforeed by ligaments in 
such a way that a flexible, curved structure results 
(Figure 5.16). Running through the eentral eavity 
of the vertebral column is the delieate spinal 
eord, which the vertebral column surrounds and 
proteets. 

Before birth, the spine eonsists of 33 separate 
bones ealled vertebrae, but 9 of these eventually 
fuse to form the two eomposite bones, the sacrum 
and the coccyx, that eonstmet the inferior portion 
of the vertebral column. Of the 24 single bones, 
the 7 vertebrae of the neek are eervieal vertebrae, 
the next 12 are the thoraeie vertebrae, and the re- 
maining 5 supporting the lower baek are lumbar 
vertebrae. 

• Remembering eommon meal times, 7 a.m., 12 
noon, and 5 p.m., may help you to reeall the 
number of bones in these three regions of the 
vertebral column. 

The individual vertebrae are separated by pads 
of flexible fibroeartilage— intervertebral dises— 
that cushion the vertebrae and absorb shoeks 
while allowing the spine flexibility. In a young 
person, the dises have a high water eontent (about 
90 pereent) and are spongy and eompressible. But 
as a person ages, the water eontent of the dises 
deereases (as it does in other tissues throughout 
the body), and the dises beeome harder and less 
eompressible. 

HOMEOSTATIC IMBALANOE 

Drying of the dises, along with a weak- 
ening of the ligaments of the vertebral eolrnnn, pre- 
disposes older people to herniated (“slipped”) 
dises. However, herniation also may result when 
the vertebral column is subjected to exceptional 
twisting forees. If the protmding dise presses on the 
spinal eord or the spinal nerves exiting from the 
eord, numbness and excmciating pain ean result. ) 

The dises and the S-shaped structure of the 
vertebral column work together to prevent shoek 
to the head when we walk or mn. They also make 
the body tmnk flexible. The spinal curvatures in 
the thoraeie and saeral regions are referred to as 
primary curvatures because they are present 
when we are born. Together the two primaiy cur- 
vatures produce the C-shaped spine of the new- 
born baby (Figure 5.17). The curvatures in the 
eervieal and lumbar regions are referred to as 
seeondary curvatures because they develop 
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Figure 5-16 The vertebral column. Thin dises 
between the thoraeie vertebrae allow great flexibility in 
the thoraeie region; thiek dises between the lumbar 
vertebrae reduce flexibility. Notiee that the terms 
convex and eoneave refer to the curvature of the 
posterior aspeet of the vertebral column. 



Figure 5.17 The C-shaped spine typieal 
of a newborn. 


some time after birth. In adults, the seeondary cur- 
vatures allow us to eenter our body weight on our 
lower limbs with minimum effort. The eervieal 
curvature appears when a baby begins to raise its 
head, and the lumbar curvature develops when 
the baby begins to walk. 

HOMEOSTATIC IMBALANOE 

Why do they do “spine eheeks” in 
middle sehool? The answer is that they are look- 
ing for abnormal spinal curvatures. There are 
several types of abnormal spinal curvatures. 
Figure 5.18 shows three of these— seoliosis 
(sko'Te-o'sis), kyphosis (ki-fo’sis), and lordosis 
(lor-do'sis). These abnormalities may be eongeni- 
tal (present at birth) or result from disease, poor 
posture, or unequal muscle pull on the spine. As 
you look at these diagrams, try to pinpoint how 
eaeh of these eonditions differs from the normal 
healthy spine. ) 

All vertebrae have a similar structural pattern 
(Figure 5.19). The eommon features of vertebrae 
include the following: 

• Body or eentnim: diselike, weight-bearing 
part of the vertebra faeing anteriorly in the ver- 
tebral column. 

• Vertebral areh: areh formed from the joining 
of all posterior extensions, the laminae and 
pedieles, from the vertebral body. 

• Vertebral foramen: eanal through which the 
spinal eord passes. 

• Transverse proeesses: two lateral projeetions 
from the vertebral areh. 
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Figure 5.18 Abnormal spinal curvatures. 


• Spinous proeess: single projeetion arising 
from the posterior aspeet of the vertebral areh 
(actually the fused laminae). 

• Superior and inferior articular proeesses: 

paired projeetions lateral to the vertebral fora- 
men, allowing a vertebra to form joints with 
adjaeent vertebrae (see also Figure 5.20). 

In addition to these eommon features, vertebrae 
in the different regions of the spine have very spe- 
eifie structural eharaeteristies. We deseribe these 
unique regional eharaeteristies of the vertebrae next. 


Cervical Vertebrae 

The seven eervieal vertebrae (identified as to C 7 ) 
form the neek region of the spine. The first two 
vertebrae (.atlas and axis) are different because 
they perform functions not shared by the other 
eervieal vertebrae. As you ean see in Figure 5.20a, 
the atlas (C 2 ) has no body. The superior surfaces 
of its transverse proeesses eontain large depres- 
sions that reeeive the oeeipital eondyles of the 
skull. This joint allows you to nod “y es -” The axis 
(C 2 ) aets as a pivot for the rotation of the atlas 
(and skull) above. It has a large upright proeess, 
the dens, which aets as the pivot point. The joint 
between C 2 and C 2 allows you to rotate your head 
from side to side to indieate “no.” 

The “typieal” eervieal vertebrae (C 3 through C 7 ) 
are shown in Figure 5.20b. They are the smallest, 
lightest vertebrae, and most often their spinous 
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Figure 5.19 A typieal vertebra, superior view. 

(Inferior articulating surfaces are not shown.) 


proeesses are short and divided into two branehes. 
The transverse proeesses of the eervieal vertebrae 
eontain foramina (openings) through which the 
vertebral arteries pass on their way to the brain 
above. Any time you see these foramina in a verte- 
bra, you should know immediately that it is a eer- 
vieal vertebra. 

Thoraeie Vertebrae 

The 12 thoraeie vertebrae (Tj to T 12 ) are all typi- 
eal. They are larger than the eervieal vertebrae and 
are distinguished by the faet that they are the only 
vertebrae to articulate with the ribs. As seen in 
Figure 5.20c, the body is somewhat heart-shaped 
and has two eostal faeets (articulating surfaces) on 
eaeh side, which reeeive the heads of the ribs. The 
two transverse proeesses of eaeh thoraeie vertebra 
articulate with the nearby knoblike tubercles of 
the ribs. The spinous proeess is long and hooks 
sharply downward, causing the vertebra to look 
like a giraffe’s head viewed from the side. 

Lumbar Vertebrae 

The five lumbar vertebrae (L x to L 5 ) have massive, 
bloeklike bodies. Their short, hatehet-shaped spi- 
nous proeesses (Figure 5.20d) make them look like a 
moose head from the lateral aspeet. Because most of 
the stress on the vertebral eolmnn occurs in the lum- 
bar region, these are the stiirdiest of the vertebrae. 
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Figure 5.20 Regional eharaeteristies of vertebrae. 
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Figure 5.21 Saernm and coccyx, 
posterior view. 


Saernm 

The sacrum (sa'kmm) is formed by the fusion of 
five vertebrae (Figiire 5.21). Superiorly it articu- 
lates with L 5 , and inferiorly it eonneets with the 
coccyx. The winglike alae articulate laterally with 
the hip bones, forming the saeroiliae joints. The 
saemm forms the posterior wall of the pelvis. Its 
posterior midline surface is roughened by the 
median saeral erest, the fused spinous proeesses 
of the saeral vertebrae. This is flanked laterally by 
the posterior saeral foramina. The vertebral eanal 
continues inside the saemm as the saeral eanal 
and terminates in a large inferior opening ealled 
the saeral hiatus. 


Coccyx 

The coccyx is formed from the fusion of three to 
five tiny, irregularly shaped vertebrae (see Figure 
5.21). It is the human “tailbone,” a remnant of the 
tail that other vertebrate animals have. 

Thoraeie Cage 

Name the eomponents of the thoraeie eage. 

Deseribe how a true rib differs from a false rib. 

The sternum, ribs, and thoraeie vertebrae make up 
the bony thorax. The bony thorax is routinely 
ealled the thoraeie eage because it forms a pro- 
teetive, eone-shaped eage of slender bones 
around the organs of the thoraeie eavity (heart, 
lungs, and major blood vessels). The bony thorax 
is shown in Figure 5.22. 

Sternum 

The stermim (breastbone) is a typieal flat bone 
and the result of the fusion of three bones— 
the manubrium (mah-nu'bre-um), body, and 
xiphoid (zif'oid) proeess. It is attaehed to the first 
seven pairs of ribs. 

The sternum has three important bony land- 
marks—the jugular noteh, the sternal angle, and 
the xiphisternal joint. 

• The jugular noteh (eoneave upper border 
of the manubrium) ean be palpated easily; 
generally it is at the level of the third thoraeie 
vertebra. 

• The sternal angle results where the 
manubrium and body meet at a slight angle to 
eaeh other, so that a transverse ridge is formed 
at the level of the seeond ribs. It provides a 
handy referenee point for counting ribs to lo- 
eate the seeond intereostal spaee for listening 
to eertain heart valves. 

• The xiphisternal (zi'fe-ster"nal) joint, the 
point where the sternal body and xiphoid 
proeess fuse, lies at the level of the ninth tho- 
raeie vertebra. 

Palpate your sternal angle and jugular noteh. 

Because the sternum is so elose to the body 
surface, it is easy to obtain samples from it of 
blood-forming (hematopoietie) tissue for the diag- 
nosis of suspected blood diseases. A needle is in- 
serted into the marrow of the sternum, and the 
sample is withdrawn; this procedure is ealled a 
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Figure 5-22 The bony thorax (thoraeie eage). (a) Anterior view. (b) Midsagittal 
seetion through the thorax, showing the relationship of the key parts of the sternum to 
the vertebral column. 


sternal puncture. Because the heart lies immedi- 
ately posterior to the sternum, the physieian must 
take extreme eare not to penetrate through the 
sternum during this procedure. 

Ribs 

Twelve pairs of ribs form the walls of the bony tho- 
rax. (Contrary to popular miseoneeption, men do 
not have one rib fewer than women!) All the ribs ar- 
ticulate with the vertebral column posteriorly and 
then curve downward and toward the anterior body 
surface. The true ribs, the first seven pairs, attaeh 
direetly to the sternum by eostal eartilages. False 
ribs, the next five pairs, either attaeh indireetly to 
the sternum or are not attaehed to the sternum at all. 
The last two pairs of false ribs laek the sternal 
attaehments, so they are also ealled floating ribs. 


The intereostal spaees (spaees between the 
ribs) are filled with the intereostal muscles, which 
aid in breathing. 


DID YOU GET IT r 

16. What are the five major regions of the vertebral 
column? 

17. How ean you distinguish a lumbar vertebra from a 
eervieal vertebra? 

18. What is a true rib? A false rib? 

19. Besides the ribs and sternum, there is a third group 
of bones forming the thoraeie eage. What is it? 

20 . What bone elass do the ribs and skull bones 
fall into? 


For ansvvers, see Appendix D. 
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Appendicular Skeleton 

Identify on a skeleton or diagram the bones of the 
shoulder and pelvie girdles and their attaehed limbs. 

Deseribe important differenees between a male and 
female pelvis. 

The appendicular skeleton is shaded gold in Figure 
5.8. It is eomposed of 126 bones of the limbs (ap- 
pendages) and the peetoral and pelvie girdles, 
which attaeh the limbs to the axial skeleton. 

Bones of the Shoulder Girdle 

Eaeh shoulder girdle, or peetoral girdle, eon- 
sists of two bones—a elaviele and a scapula 

(Figure 5.23). 

The elaviele (klav'i-kl), or eollarbone, is a 
slender, doubly curved bone. It attaehes to the 
manubrium of the sternum medially (at its sternal 
end) and to the scapula laterally, where it helps to 
form the shoulder joint. The elaviele aets as a 
braee to hold the arm away from the top of the 
thorax and helps prevent shoulder disloeation. 
When the elaviele is broken, the whole shoulder 
region eaves in medially, which shows how im- 
portant its braeing function is. 

The scapulae (skap'u-le), or shoulder blades, 
are triangular and are eommonly ealled “wings” be- 
cause they flare when we move our arms posteri- 
orly. Eaeh scapula has a flattened body and two 
important proeesses—the aeromion (ah-kro'me- 
on), which is the enlarged end of the spine of the 
scapula, and the beaklike eoraeoid (kor'ah-koid) 
proeess. The aeromion eonneets with the elaviele 
laterally at the acromioclavicular joint. The eora- 
eoid proeess points over the top of the shoulder 
and anehors some of the muscles of the arm. Just 
medial to the eoraeoid proeess is the large supra- 
scapular noteh, which serves as a nerve passage- 
way. The scapula is not direetly attaehed to the 
axial skeleton; it is loosely held in plaee by tmnk 
muscles. The scapula has three borders—superior, 
medial (vertebral), and lateral (axillary). It also has 
three angles—superior, inferior, and lateral. The 
glenoid eavity, a shallow soeket that reeeives the 
head of the arm bone, is in the lateral angle. 

The shoulder girdle is very light and allows the 
upper limb exceptionally free movement. This is 
due to the following faetors: 

1. Eaeh shoulder girdle attaehes to the axial skele- 
ton at only one point—the sternoclavicularjoint. 


2. The loose attaehment of the scapula allows it 
to slide baek and forth against the thorax as 
muscles aet. 

3. The glenoid eavity is shallow, and the shoul- 
der joint is poorly reinforeed by ligaments. 

However, this exceptional flexibility also has 
a drawback; the shoulder girdle is very easily 
disloeated. 

Bones of the Upper Limbs 

Thirty separate bones form the skeletal framework 
of eaeh upper limb (Figures 5.24 and 5.25). They 
form the foundations of the arm, forearm, and hand. 

Arm 

The arm is formed by a single bone, the humerus 
(hu'mer-us), which is a typieal long bone (see 
Figure 5.24a and b). At its proximal end is a 
rounded head that fits into the shallow glenoid 
eavity of the scapula. Immediately inferior to the 
head is a slight eonstrietion ealled the anatomieal 
neek. Anterolateral to the head are two bony pro- 
jeetions separated by the intertubercular 
sulcus —the greater and lesser tubercles, which 
are sites of muscle attaehment. Just distal to the tu- 
bereles is the surgical neek, so named because it 
is the most frequently fractured part of the 
humerus. In the midpoint of the shaft is a rough- 
ened area ealled the deltoid tuberosity, where 
the large, fleshy deltoid muscle of the shoulder at- 
taehes. Nearby, the radial groove mns obliquely 
down the posterior aspeet of the shaft. This 
groove marks the course of the radial nerve, an 
important nerve of the upper limb. At the distal 
end of the humerus is the medial troehlea 
(trok'le-ah), which looks somewhat like a spool, 
and the lateral ball-like capitulum (kah-pit'u- 
lum). Both of these proeesses articulate with 
bones of the forearm. Above the troehlea anteri- 
orly is a depression, the eoronoid fossa; on the 
posterior surface is the oleeranon (o-lek'rah-non) 
fossa. These two depressions, which are flanked 
by medial and lateral epieondyles, allow the 
eorresponding proeesses of the ulna to move 
freely when the elbow is bent and extended. 

Forearm 

Two bones, the radius and the ulna, form the 
skeleton of the forearm (see Figure 5.24c). When 
the body is in the anatomieal position, the radius 
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Figure 5-24 Bones of the right arm and forearm. (a) Humerus, anterior view. 

(b) Humerus, posterior view. (e) Anterior view of the bones of the forearm: the radius 
and the ulna. 


is the lateral bone; that is, it is on the thumb side 
of the forearm. When the hand is rotated so that 
the palm faees backward, the distal end of the ra- 
dius erosses over and ends up medial to the ulna. 
Both proximally and distally the radius and ulna 
articulate at small radioulnar joints, and the two 
bones are eonneeted along their entire length by 


the flexible interosseous membrane. Both the 
ulna and the radius have a styloid proeess at 
their distal end. 

The dise-shaped head of the radius also forms 
a joint with the capitulum of the humerus. Just be- 
low the head is the radial tuberosity, where the 
tendon of the bieeps muscle attaehes. 
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Figure 5.25 Bones of the right hand, 
anterior view. 


When the upper limb is in the anatomieal pos- 
ition, the ulna is the medial bone (on the little- 
finger side) of the forearm. On its proximal end 
are the anterior eoronoid proeess and the pos- 
terior oleeranon, which are separated by the 
troehlear noteh. Together these two proeesses 
grip the troehlea of the humerus in a pliers-like 
joint. 

Hand 

The skeleton of the hand eonsists of the earpals, 
the metaearpals, and the phalanges (Figure 
5.25). The eight earpal bones, arranged in two 
irregular rows of four bones eaeh, form the part 
of the hand ealled the carpus or, more eom- 
monly, the wrist. The earpals are bound together 
by ligaments that restriet movements between 
them. (In ease you need to learn their names, 
the individual earpal bones are identified in 

Figure 5.25.) 

The palm of the hand eonsists of the 
metaearpals. The phalanges (fah-lan'jèz) are the 
bones of the fingers. The metaearpals are num- 
bered 1 to 5 from the thumb side of the hand to- 
ward the little finger. When the fist is elenehed, 


the heads of the metaearpals beeome obvious as 
the “knuckles.” Eaeh hand eontains 14 phalanges. 
There are three in eaeh finger (proximal, middle, 
and distal), except in the thumb, which has only 
two (proximal and distal). 

DID YOU GET IT? 

21 . Contrast the general function of the axial skeleton to 
that of the appendicular skeleton. 

22 . What is the single point of attaehment of the shoulder 
girdle to the axial skeleton? 

23. What bone forms the skeleton of the arm? 

24. Where are the earpals found, and what type (long, 
short, irregular, or flat) of bone are they? 

25. Which bones of the upper limb have a styloid 
proeess? 

For ansvvers, see Appendix D. 

Bones of the Pelvie Girdle 

The pelvie girdle is formed by two coxal 
(kok'sal) bones, or ossa coxae, eommonly ealled 
hip bones, and the saemm (deseribed on p. 156). 
Together with the coccyx, the pelvie girdle forms 
the pelvis (Figure 5.26). Note that the terms pelvie 
girdle and bony pelvis have slightly different mean- 
ings (pelvie girdle = 2 coxal bones and saemm; 
bony pelvis = 2 coxal bones, saemm, and coccyx). 

The bones of the pelvie girdle are large and 
heavy, and they are attaehed securely to the axial 
skeleton via the saeral attaehment to the lower- 
most lumbar vertebra. The soekets, which reeeive 
the thigh bones, are deep and heavily reinforeed 
by ligaments that attaeh the limbs firmly to the gir- 
dle. Bearing weight is the most important function 
of this girdle, because the total weight of the upper 
body rests on the pelvis. The reproductive organs, 
urinary bladder, and part of the large intestine lie 
within and are proteeted by the pelvis. 

Eaeh hip bone is formed by the fusion of 
three bones: the ilium, ischium, and pubis. The 
ilium (il'e-um), which eonneets posteriorly with 
the saemm at the saeroiliae (sak"ro-il'e-ac) 
joint, is a large, flaring bone that forms most of 
the hip bone. When you put your hands on your 
hips, they are resting over the alae, or winglike 
portions, of the ilia. The upper edge of an ala, 
the iliae erest, is an important anatomieal land- 
mark that is always kept in mind by those who 
give intramuscular injeetions. The iliae erest 
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Figure 5.26 The bony pelvis. (a) Articulated pelvis. (b) Right coxal (hip) bone, 
showing the point of fusion of the ilium, ischium, and pubic bones. (e) Oomparison of the 
pelves of the male (above) and female (below). 
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ends anteriorly in the anterior superior iliae 
spine and posteriorly in the posterior superior 

iliae spine. Small inferior spines are loeated be- 
low these. 

The ischium (is'ke-um) is the a sit-down 
bone,” so ealled because it forms the most infe- 
rior part of the coxal bone. The isehial tuberos- 
ity is a roughened area that reeeives body weight 
when you are sitting. The isehial spine, superior 
to the tuberosity, is another important anatomieal 
landmark, particularly in the pregnant woman, 
because it narrows the outlet of the pelvis 
through which the baby must pass during 
birth. Another important structural feature of the 
ischium is the greater seiatie noteh, which al- 
lows blood vessels and the large seiatie nerve to 
pass from the pelvis posteriorly into the thigh. 
Injeetions in the buttock should always be given 
well away from this area. 

The pubis (pu'bis), is the most anterior part 
of a coxal bone. Fusion of the rami of the pubis 
anteriorly and the ischium posteriorly forms a bar 
of bone enelosing the obturator (ob'tu-ra"tor) 
foramen, an opening that allows blood vessels 
and nerves to pass into the anterior part of the 
thigh. The pubic bones of eaeh hip bone fuse an- 
teriorly to form a cartilaginous joint, the pubic 
symphysis (pu'bik sim'fi-sis). 

The ilium, ischium, and pubis fuse at the deep 
soeket ealled the acetabulum (as"é-tab'u-lum), 
which means “vinegar cup.” The acetabulum re- 
eeives the head of the thigh bone. 

The bony pelvis is divided into two regions. 
The false pelvis is superior to the true pelvis; it 
is the area medial to the flaring portions of the ilia. 
The true pelvis is surrounded by bone and lies 
inferior to the flaring parts of the ilia and the 
pelvie brim. The dimensions of the tme pelvis of a 
woman are very important because they must be 
large enough to allow the infant’s head (the largest 
part of the infant) to pass during ehildbirth. The 
dimensions of the eavity, particularly the outlet 
(the inferior opening of the pelvis measured be- 
tween the isehial spines) and the inlet (superior 
opening between the right and left sides of the 
pelvie brim), are eritieal, and they are carefully 
measured by the obstetrieian. 

Of course, individual pelvie structures vary, 
but there are fairly eonsistent differenees between 
a male and a female pelvis. Look at Figure 5.26c 


and notiee the following eharaeteristies that differ 
in the pelvis of the man and woman: 

• The female inlet is larger and more circular. 

• The female pelvis as a whole is shallower, and 
the bones are lighter and thinner. 

• The female ilia flare more laterally. 

• The female saemm is shorter and less emved. 

• The female isehial spines are shorter and far- 
ther apart; thus the outlet is larger. 

• The female pubic areh is more rounded be- 
cause the angle of the pubic areh is greater. 

DID YOU GET IT 

26. VVhat three bones form the hip bone? VVhat two 
bones form eaeh peetoral girdle? 

27. In what three ways does the bony pelvis of a woman 
differ from that of a man? 

For ansvvers, see Appendix D. 


Bones of the Lovver Limbs 

The lower limbs earry our total body weight 
when we are ereet. Henee, it is not surprising that 
the bones forming the three segments of the 
lower limbs (thigh, leg, and foot) are much 
thieker and stronger than the eomparable bones 
of the upper limb. 

Thigh 

The femur (fe'mur), or thigh bone, is the only 
bone in the thigh (Figure 5.27a and b). It is the 
heaviest, strongest bone in the body. Its proximal 
end has a ball-like head, a neek, and greater and 
lesser troehanters (separated anteriorly by the 
intertroehanterie line and posteriorly by the 
intertroehanterie erest). These markings and 
the gluteal tuberosity, loeated on the shaft, all serve 
as sites for muscle attaehment. The head of the femur 
articulates with the acetabulum of the hip bone in a 
deep, secure soeket. However, the neek of the femur 
is a eommon fracture site, espeeially in old age. 

The femur slants medially as it mns downward 
to join with the leg bones; this brings the knees in 
line with the body’s eenter of gravity. The medial 
course of the femur is more notieeable in women 
because the female pelvis is wider than that of the 
male. Distally on the femur are the lateral and 
medial eondyles, which articulate with the tibia 
below. Posteriorly these eondyles are separated by 
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Figiire 5-27 Bones of the right thigh and leg. (a) Femur (thigh bone), anterior 
view. (b) Femur, posterior view. (e) Tibia and fibula of the leg, anterior view. 


the deep intereondylar fossa. Anteriorly on the 
distal femur is the smooth patellar surface, 
which forms a joint with the patella, or kneeeap. 

Leg 

Connected along their length by an interosseous 
membrane, two bones, the tibia and fibula, form 
the skeleton of the leg (see Figure 5.27c). The tibia, 
or shinbone, is larger and more medial. At the 
proximal end, the medial and lateral eondyles 
(separated by the intereondylar eminenee) artie- 
ulate with the distal end of the femur to form the 
knee joint. The patellar (kneeeap) ligament, which 


eneloses the patella, a sesamoid bone (see Figure 
6.20c and d), attaehes to the tibial tuberosity, a 
roughened area on the anterior tibial surface. 
Distally, a proeess ealled the medial malleolus 
(mal-le' o-lus) forms the inner bulge of the ankle. 
The anterior surface of the tibia is a sharp ridge, the 
anterior border, that is unprotected by muscles; 
thus, it is easily felt beneath the skin. 

The fibula, which lies alongside the tibia and 
forms joints with it both proximally and distally, is 
thin and stieklike. The fibula has no part in form- 
ing the knee joint. Its distal end, the lateral 
malleolus, forms the outer part of the ankle. 
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Figure 5.28 Bones of the right foot, 
siiperior view. 


Foot 

The foot, eomposed of the tarsals, metatarsals, and 
phalanges, has two important hanetions. It sup- 
ports our body weight and serves as a lever that 
allows us to propel our bodies forward when we 
walk and mn. 

The tarsus, forming the posterior half of the 
foot, is eomposed of seven tarsal bones (Figure 
5.28). Body weight is earried mostly by the two 
largest tarsals, the calcaneus (kal-ka'ne-us), or 
heelbone, and the talus (taTus; “ankle”), which 
lies between the tibia and the calcaneus. Five 
metatarsals form the sole, and 14 phalanges 
form the toes. Like the fingers of the hand, eaeh 
toe has three phalanges, except the great toe, 
which has two. 

The bones in the foot are arranged to form 
three strong arehes: two longitudinal (medial 
and lateral) and one transverse (Figure 5.29). 
Ligaments , which bind the foot bones together, 
and tendons of the foot muscles help to hold the 
bones firmly in the arehed position but still 


Medial longitudinal areh 


Transverse areh 



Lateral longitudinal 


Figure 5.29 Arehes of the foot. 


allow a eertain amount of give or springiness. 
Weak arehes are referred to as “fallen arehes” or 
“flat feet.” 

DID YOU GET IT 

28. VVhat two bones form the skeleton of the leg? 

29. Bo’s longitudinal and medial arehes have suffered a 
eollapse. VVhat is the name of Bo’s eondition? 

30. VVhieh lower limb bone has an intertroehanterie line 
and erest and an intereondylar fossa? 

For ansvvers, see Appendix D. 


Joints 

Name the three major eategories of joints, and 

eompare the amount of movement allowed by eaeh. 

With one exception (the hyoid bone of the 
neek), every bone in the body forms a joint with 
at least one other bone. Joints, also ealled 
articulations, are the sites where two or more 
bones meet. They have two functions: They hold 
the bones together securely but also give the 
rigid skeleton mobility. 

The graceful movements of a ballet daneer 
and the rough-and-tumble grapplings of a foot- 
ball player illustrate the great variety of motion 
that joints allow. With fewer joints, we would 
move like robots. Nevertheless, the bone-binding 
function of joints is just as important as their 
role in mobility. The immovable joints of the 
skull, for instanee, form a snug enclosure for our 
vital brain. 
















The teehnology for fashioning 
joints in medieval suits of armor 
developed over centuries. The 
teehnology for ereating the 
prostheses (artifieial joints) used 
in medieine today developed, in 
relative terms, in a flash —less than 
60 years. The history of joint 
prostheses dates to the 1940s and 
1950s, when World War II and the 
Korean War left large numbers of 
wounded who needed artifieial 
limbs. Today, well over a third of a 
million Amerieans reeeive total joint 
replaeements eaeh year, mostly 
because of the destructive effeets of 
osteoarthritis or rheumatoid arthritis. 

To produce durable, mobile joints 
requires a substance that is strong, 
nontoxic, and resistant to the 
eorrosive effeets of organie aeids in 
blood. In 1963, Sir John Oharnley, 
an English orthopedie surgeon, 
performed the first total hip 
replaeement and revolutionized the 
therapy of arthritie hips. His deviee 
eonsisted of a metal ball on a stem 
and a cup-shaped polyethylene 
plastie soeket anehored to the pelvis 
by methyl methaerylate eement. This 
eement proved to be exceptionally 
strong and relatively problem free. 
Hip prostheses were followed by 
knee prostheses (see photos a and b), 
but it took another ten years before 
smoothly operating total knee 
joint replaeements beeame a 
reality. Today, the number of knee 
replaeements equals the number of 
hip replaeements. 

Replaeements are now available 
for many other joints, including 



(a) A hip prosthesis. 


fingers, elbows, and shoulders. Total 
hip and knee replaeements last 
about 10 to 15 years in elderly 
patients who do not excessively 
stress the joint. Most such 
operations are done to reduce pain 
and restore about 80% of original 
joint function. 

Replaeement joints are not yet 
strong or durable enough for young, 
aetive people. The problem is that 
the prostheses work loose over 
time, so researehers are trying to 
enhanee the fit between implant and 
bone. One solution is to strengthen 
the eement that binds them (simply 
eliminating air bubbles from the 
eement inereases its durability). 
Another solution currently being 
tested is a robotie surgeon, 
ROBODOO (photo e), to drill a 
better-fitting hole for the femoral 



(b) X ray of right knee showing 
total knee replaeement 
prosthesis. 


prosthesis in hip surgery. In 
eementless prostheses, researehers 
are exploring ways to get the bone 
to grow so that it binds strongly to 
the implant. 

Dramatie ehanges are also 
occurring in the way artifieial joints 
are made. OAD/OAM (computer- 
aided design and computer-aided 
manufacturing) techniques have 
signifieantly reduced the time and 
eost of ereating individualized joints. 
Fed the patient’s X rays and medieal 
information, the computer draws 
from a database of hundreds of 
normal joints and generates 
possible designs and modifieations 
for a prosthesis. Onee the best 
design is seleeted, the computer 
produces a program to direet the 
maehines that shape it. 
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Joint replaeement therapy is 
eoming of age, but equally exciting 
are techniques that eall on the 
patient’s own tissues to regenerate, 
such as these three: 

Osteoehondral grafting: Healthy 
bone and eartilage are removed 
from one part of the body 


(e) Physieian 
explaining how the 
ROBODOC maehine 
ean be used for hip 
joint replaeement. 

and transplanted to the 
injured joint. 

Autologous ehondroeyte 
implantation: Healthy 
ehondroeytes are removed 
from the body, cultivated in 
the lab, and implanted at the 
damaged joint. 


Stem eell regeneration: 
Llndifferentiated stem eells are 
removed from bone marrow and 
plaeed in a gel, which is paeked 
into an area of eroded eartilage. 

These techniques offer hope for 
younger patients because they 
could stave off the need for a joint 
prosthesis for several years. 

And so, through the centuries, the 
focus has shifted from jointed armor 
to artifieial joints that ean be put 
inside the body to restore lost 
function. Modern teehnology has 
aeeomplished what the armor 
designers of the Middle Ages never 
dreamed of. 


Joints are elassified in two ways—functionally 
and structurally. The functional elassifieation 
focuses on the amount of movement the joint 
allows. On this basis, there are synarthroses 
(sin"ar-thro'sèz), or immovable joints; amphi- 
arthroses (am"fe-ar-thro'sèz), or slightly movable 
joints; and diarthroses (di"ar-thro'sèz), or freely 
movable joints. Freely movable joints predominate 
in the limbs, where mobility is important. 
Immovable and slightly movable joints are re- 
strieted mainly to the axial skeleton, where firm at- 
taehments and proteetion of internal organs are 
priorities. 

Structurally, there are fibrous, cartilaginous, 
and synovial joints. These elassifieations are based 
on whether fibrous tissue, eartilage, or a joint eav- 
ity separates the bony regions at the joint. As a 
general mle, fibrous joints are immovable, and 
synovial joints are freely movable. Although earti- 
laginous joints have both immovable and slightly 
movable examples, most are amphiarthrotie. 
Because the structural elassifieation is more elear- 
cut, we will focus on that elassifieation seheme 
here. The joint types are shown in Figure 5.30, 
deseribed next, and summarized in Table 5.3. 


Fibrous Joints 

In fibrous joints, the bones are united by fibrous 
tissue. The best examples of this type of joint are the 
sutures of the skull (Figure 5.30a). In sutures, the ir- 
regular edges of the bones interloek and are bound 
tightly together by eonneetive tissue fibers, allowing 
essentially no movement. In syndesmoses (sin- 
dez-mo'sèz), the eonneeting fibers are longer than 
those of sutures; thus the joint has more “give.” The 
joint eonneeting the distal ends of the tibia and 
fibula is a syndesmosis (Figure 5.30b). 

Cartilaginous Joints 

In cartilaginous joints, the bone ends are eon- 
neeted by fibroeartilage. Examples of this joint 
type that are slightly movable (amphiarthrotie) are 
the pubic symphysis of the pelvis (Figure 5.30e) 
and intervertebral joints of the spinal column 
(Figure 5.30d), where the articulating bone sur- 
faees are eonneeted by pads (dises) of fibroearti- 
lage. The hyaline-eartilage epiphyseal plates of 
growing long bones and the cartilaginous joints 
between the first ribs and the sternum are immov- 
able (synarthrotie) cartilaginous joints referred to 
as synehondroses (Figure 5.30c). 
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Figure 5.30 Types of joints. Joints 
to the left of the skeleton are cartilaginous 
joints; joints above and below the 
skeleton are fibrous joints; joints to the 
right of the skeleton are synovial joints. 
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Table 5.3 

Summary of Joint dasses 



Structural elass 

Structural eharaeteristies 

Types 

Mobility 

Fibrous 

Bone ends/parts united by 
eollagenie fibers 

Suture (short fibers) 

Immobile (synarthrosis) 



Syndesmosis (longer fibers) 

Slightly mobile 
(amphiarthrosis) and 
immobile 



Gomphosis (periodontal 
ligament) 

Immobile 

Cartilaginous 

Bone ends/parts united 
by eartilage 

Synehondrosis (hyaline 
eartilage) 

Immobile 



Symphysis (fibroeartilage) 

Slightly movable 

Synovial 

Bone ends/parts eovered with 
articular eartilage and enelosed 
within an articular capsule lined 
with synovial membrane 

Plane Oondylar 

Hinge Saddle 

Pivot Ball and 

soeket 

Freely movable 
(diarthrosis; movements 
depend on design 
of joint) 


Synovial Joints 

Synovial joints are joints in which the articulating 
bone ends are separated by a joint eavity eontaining 
synovial fluid (see Figure 5.30f-h). They account 
for all joints of the limbs. 

All synovial joints have four distinguishing fea- 
tures (Figure 5.31): 

1. Articular eartilage. Articular (hyaline) earti- 
lage eovers the ends of the bones forming 
the joint. 

2. Articular capsule. The joint surfaces are en- 
elosed by a sleeve or layer of fibrous eonnee- 
tive tissue, which is lined with a smooth 
synovial membrane (the reason these joints 
are ealled synovial joints). 

3. Joint eavity. The articular capsule eneloses a 
eavity, ealled the joint eavity, which eontains 
lubricating synovial fluid. 

4. Reinforeing ligaments. The fibrous layer of 
the capsule is usually reinforeed with ligaments. 

Bursae and tendon sheaths are not strietly 
part of synovial joints, but they are often found 
elosely assoeiated with them (see Figure 5.31). 
Essentially bags of lubricant, they aet like ball 


bearings to reduce frietion between adjaeent 
structures during joint aetivity. Bursae (ber'se; 
“purses”) are flattened fibrous saes lined with 
synovial membrane and eontaining a thin film of 
synovial fluid. They are eommon where liga- 
ments, muscles, skin, tendons, or bones rub to- 
gether. A tendon sheath, also shown in Figure 
5.31, is essentially an elongated bursa that wraps 
eompletely around a tendon subjected to frietion, 
like a bun around a hot dog. 

HOMEOSTATIC IMBALANOE 

A disloeation happens when a bone 
is foreed out of its normal position in the joint eav- 
ity. The proeess of returning the bone to its proper 
position, ealled reduction, should be done only 
by a physieian. Attempts by an untrained person 
to “snap the bone baek into its soeket” are usually 
more harmful than helpflal. ) 

Types of Synovial Joints Based 
on Shape 

The shapes of the articulating bone surfaces deter- 
mine what movements are allowed at a joint. 
Based on such shapes, our synovial joints ean be 
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How does this joint type differ structurally from cartilaginous and fibrous joints? 
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Figure 5.31 General structure of a synovial joint. 


elassified as plane, hinge, pivot, eondylar, saddle, 
and ball-and-soeket joints (Figure 5.32). 

• In a plane joint (Figure 5.32a), the articular 
surfaces are essentially flat, and only short slip- 
ping or gliding movements are allowed. The 
movements of plane joints are nonaxial; that 
is, gliding does not involve rotation around any 
axis. The interearpal joints of the wrist are the 
best examples of plane joints. 

• In a hinge joint (Figure 5.32b), the eylindrieal 
end of one bone fits into a trough-shaped sur- 
faee on another bone. Angular movement is 
allowed in just one plane, like a meehanieal 
hinge. Examples are the elbow joint, ankle 
joint, and the joints between the phalanges of 
the fingers. Hinge joints are elassified as 
uniaxial (u"ne-aks'e-al; “one axis”); they allow 
movement around one axis only, as indieated 
by the single magenta arrow in Figure 5.32b. 

• In a pivot joint (Figure 5.32c), the rounded 
end of one bone fits into a sleeve or ring of 


bone (and possibly ligaments). Because the ro- 
tating bone ean turn only around its long axis, 
pivot joints are also uniaxial joints (see the sin- 
gle arrow in Figure 5.32c). The proximal ra- 
dioulnar joint and the joint between the atlas 
and the dens of the axis are examples. 

• In a eondylar joint (kon'dí-ler; “knuckle- 
like”), the egg-shaped articular surface of one 
bone fits into an oval eoneavity in another 
(Figure 5.32d). Both of these articular sur- 
faees are oval. Condylar joints allow the mov- 
ing bone to travel (1) from side to side and 
(2) baek and forth, but the bone eannot rotate 
around its long axis. Movement occurs 
around two axes, henee these joints are 
biaxial (bi = two), as in knuckle (metaear- 
pophalangeal) joints. 

• In saddle joints, eaeh articular surface has 
both convex and eoneave areas, like a saddle 
(Figure 5.32e). These biaxial joints allow essen- 
tially the same movements as eondylar joints. 
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Figure 5-32 Types of synovial joints. (a) Plane 
joint (interearpal and intertarsal joints). (b) Hinge joint 
(elbow and interphalangeal joints). (e) Pivot joint (proximal 
joint between the radius and the ulna). (d) Condylar joint 
(knuckles). (e) Saddle joint (earpometaearpal joint of the 
thumb). (f) Ball-and-soeket joint (shoulder and hip joints). 



The best examples of saddle joints are the ear- 
pometaearpal joints in the thumb, and the 
movements of these joints are eleaiiy demon- 
strated by twiddling your thumbs. 

• In a ball-and-soeket joint (Figure 5.320, the 
spherieal head of one bone fits into a round 


soeket in another. These multiaxial joints allow 
movement in all axes, including rotation (see 
the four arrows in Figure 5-320, and are the 
most freely moving synovial joints. The shoul- 
der and hip are examples. 
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Because they relate to muscle aetivity, we dis- 
cuss the various types of movements that occur at 
synovial joints in detail in the next ehapter. 

HOMEOSTATIC IMBALANOE 

Few of us pay attention to our joints 
unless something goes wrong with them. Joint 
pain and inflammation may be caused by many 
things. For example, falling on one’s knee ean 
cause a painful bursitis, ealled “water on the 
knee,” due to inflammation of bursae or sy- 
novial membrane. Sprains and disloeations are 
other types of joint problems that result in 
swelling and pain. In a sprain, the ligaments or 
tendons reinforeing a joint are damaged by ex- 
eessive stretehing, or they are torn away from 
the bone. Both tendons and ligaments are eords 
of dense fibrous eonneetive tissue with a poor 
blood supply; thus, sprains heal slowly and are 
extremely painful. 

Few inflammatory joint disorders cause more 
pain and suffering than arthritis. The term 
arthritis (.arth = joint; itis = inflammation) de- 
seribes over 100 different inflammatory or degen- 
erative diseases that damage the joints. In all its 
forms, arthritis is the most widespread, erippling 
disease in the United States. All forms of arthritis 
have the same initial symptoms: pain, stiffness, 
and swelling of the joint. Then, depending on the 
speeifie form, eertain ehanges in the joint struc- 
ture occur. 

Acute forms of arthritis usually result from 
baeterial invasion and are treated with antibiotie 
drugs. The synovial membrane thiekens and 
fluid production deereases, leading to inereased 
frietion and pain. ehronie forms of arthritis include 
osteoarthritis, rheumatoid arthritis, and gouty arthri- 
tis, which differ substantially in their later symp- 
toms and consequences. We will focus on these 
forms here. 

Osteoarthritis (OA), the most eommon form 
of arthritis, is a ehronie degenerative eondition 
that typieally affeets the aged. Eighty-five pereent 
of people in the United States develop this eondi- 
tion. OA, also ealled “wear-and-tear arthritis,” af- 
feets the articular eartilages. Over the years, the 
eartilage softens, frays, and eventually breaks 
down. As the disease progresses, the exposed 
bone thiekens and extra bone tissue, ealled bone 
spurs, grows around the margins of the eroded 
eartilage and restriets joint movement. Patients 



eomplain of stiffness on arising that lessens with 
aetivity, and the affeeted joints may make a 
emnehing noise (crepitus) when moved. The 
joints most eommonly affeeted are those of the 
fingers, the eervieal and lumbar joints of the spine, 
and the large, weight-bearing joints of the lower 
limbs (knees and hips). 

The course of osteoarthritis is usually slow and 
irreversible, but it is rarely erippling. In most 
eases, its symptoms are eontrollable with a mild 
analgesie such as aspirin, moderate aetivity to 
maintain joint mobility, and rest when the joint be- 
eomes very painful. Some people with OA elaim 
that mbbing eapsaiein (a hot pepper extract) on 
the skin over painful joints provides relief. Others 
swear to the pain-reducing ability of glucosamine 
sulfate, a nutritional supplement. 

Rheumatoid (roo' mah-toid) arthritis (RA) 
is a ehronie inflammatory disorder. Its onset is in- 
sidious and usually occurs between the ages of 
40 and 50, but it may occur at any age. It affeets 
three times as many women as men. Many joints, 
particularly those of the fingers, wrists, ankles, and 
feet, are affeeted at the same time and usually in a 
symmetrieal manner. For example, if the right el- 
bow is affeeted, most likely the left elbow will be 
affeeted also. The course of RA varies and is 
marked by remissions and flare-ups (rheumat = 
susceptible to ehange or flux). 

RA is an autoimmune disease—a disorder in 
which the body’s immune system attempts to de- 
stroy its own tissues. The initial trigger for this re- 
aetion is unknown, but some suspect that it results 
from eertain baeterial or viral infeetions. 

RA begins with inflammation of the synovial 
membranes. The membranes thieken and the 
joints swell as synovial fluid accumulates. 
Inflammatory eells (white blood eells and others) 
enter the joint eavity from the blood and release a 
deluge of inflammatory ehemieals that destroy 
body tissues when released inappropriately as in 
RA. In time the inflamed synovial membrane 
thiekens into a pannus (“rag”), an abnormal tis- 
sue that elings to and erodes articular eartilages. 
As the eartilage is destroyed, sear tissue forms and 
eonneets the bone ends. The sear tissue eventually 
ossifies, and the bone ends beeome firmly fused 
(ankylosis) and often deformed (Figure 5.33). 
Not all eases of RA progress to the severely erip- 
pling ankylosis stage, but all eases involve restrieted 
joint movement and extreme pain. 
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Figure 5.33 X-ray image of a hand deformed 
by rheiimatoid arthritis. 


Current therapy for RA involves many differ- 
ent kinds of drugs. Some, like methotrexate, are 
immunosuppressants. Others, like etanereept 
(Enbrel), neutralize the inflammatory ehemieals in 
the joint spaee and (hopefully) prevent joint de- 
formity. However, drug therapy often begins with 
aspirin, which in large doses is an effeetive anti- 
inflammatory agent. Exercise is reeommended to 
maintain as much joint mobility as possible. Cold 
paeks are used to relieve the swelling and pain, 
and heat helps to relieve morning stiffness. 
Replaeement joints or bone removal are the last 
resort for severely erippled RA patients. 

Gouty (gow'te) arthritis, or gout, is a dis- 
ease in which uric aeid (a normal waste product of 
nucleic aeid metabolism) accumulates in the blood 
and may be deposited as needle-shaped erystals in 
the soft tissues of joints. This leads to an agoniz- 
ingly painful attaek that typieally affeets a single 
joint, often in the great toe. Gout is most eommon 
in men and rarely appears before the age of thirty. 
It tends to mn in families, so genetie faetors are 
definitely implieated. 

Untreated gout ean be very destmetive; the 
bone ends fuse, and the joint beeomes immobi- 
lized. Fortunately, several dmgs (eolehieine, ibupro- 
fen, and others) are successful in preventing acute 
gout attaeks. Patients are advised to lose weight if 
obese, to avoid foods such as liver, kidneys, and 
sardines, which are high in nucleic aeids, and to 
avoid aleohol, which inhibits excretion of uric aeid 
by the kidneys. ) 


DID YOU GET IT r 

31. What are the fiinetions of joints? 

32. What is the major differenee between a fibrous joint 
and a cartilaginous joint? 

33. Where is synovial membrane found, and what 
is its role? 

34. What two joints of the body are ball-and-soeket 
joints? What is the best example of a saddle joint? 

For answers, see Appendix D. 

Developmental Aspeets 
of the Skeleton 

Identify some of the causes of bone and joint 
problems throughout life. 

As we deseribed earlier, the first “long bones” in 
the very young fetus are formed of hyaline earti- 
lage, and the earliest “flat bones” of the skull are 
actually fibrous membranes. As the fetus devel- 
ops and grows, both the flat and the long bone 
models are eonverted to bone (Figure 5.34). At 
birth, some fontanels still remain in the skull to 
allow for brain growth, but these areas are usu- 
ally fully ossified by 2 years of age. By the end of 
adoleseenee, the epiphyseal plates of long bones 
that provide for longitudinal growth in ehildhood 
have beeome fully ossified, and long-bone 
growth ends. 

The skeleton ehanges throughout life, but the 
ehanges in ehildhood are most dramatie. At birth, 
the baby’s cranium is huge relative to its faee 
(Figure 5.35a). The rapid growth of the cranium 
before and after birth is related to the growth of 
the brain. By 2 years, the skull is three-quarters of 
its adult size; and, by 8 to 9 years, the skull is al- 
most of adult size and proportions. However, be- 
tween the ages of 6 and 11, the head appears to 
enlarge substantially as the faee literally grows out 
from the skull. The jaws inerease in size, and the 
eheekbones and nose beeome more prominent as 
respiratory passages expand and the permanent 
teeth develop. 

The so-ealled primaiy curvatures of the vertebral 
column are present at birth and are convex posteri- 
orly, so an infant’s spine is arehed, like that of a 
four-legged animal. The seeondary curvatures are 
convex anteriorly and are assoeiated with a ehild’s 
later development. They result from reshaping of 
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Figure 5.34 Ossifieation eenters in the 
skeleton of a 12-week-old fetus are indìeated by 
the darker areas. Líghter regions are still fibrous 
or cartilaginous. 


the intervertebral dises rather than from modifiea- 
tions of the bony vertebrae and produce the 
S-shaped spine typieal of the adult. 

Most eases of abnormal spinal curvatures, such 
as seoliosis and lordosis (see Figure 5.18), are eon- 
genital, but some ean result from injuries. The 
abnormal curvatures are usually treated by surgery, 
braees, or easts when diagnosed. Generally speak- 
ing, young, healthy people have no skeletal prob- 
lems, assuming that their diet is nutritious and 
they stay reasonably aetive. 

During youth, growth of the skeleton not 
only inereases overall body height and size but 
also ehanges body proportions (Figure 5.35b). At 
birth, the head and trunk are approximately VA 
times as long as the lower limbs. The lower limbs 
grow more rapidly than the trunk from this time 
on, and by the age of 10, the head and tmnk are 
approximately the same height as the lower 



Human newborn 



Human adult 




Newborn 2yrs. 5 yrs. 15yrs. Adult 

(b) 

Figure 5.35 Differenees in the growth rates for 
some parts of the body eompared to others 
determine body proportions. (a) Differential 
growth transforms the rounded, foreshortened skull 
of a newborn to the sloping skull of an adult. 

(b) During growth of a human, the arms and legs 
grow faster than the head and trunk, as shown in 
this conceptualization of different-aged individuals all 
drawn at the same height. 


limbs and ehange litde thereafter. During pu- 
berty, the female pelvis broadens in preparation 
for ehildbearing, and the entire male skeleton 
beeomes more robust. Onee adult height is 
reaehed, a healthy skeleton ehanges very little 
until late middle age. In old age, losses in bone 
mass beeome obvious. 

It eannot be emphasized too strongly that 
bones have to be physieally stressed to remain 
healthy. When we remain aetive physieally and 
muscles and gravity pull on the skeleton, the bones 
respond by beeoming stronger. By eontrast, if we 
are totally inaetive, they beeome thin and fragile. 
Osteoporosis is a bone-thinning disease that af- 
fliets half of women over 65 and some 20 pereent 
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Figure 5-36 Osteoporosis. The arehiteetiire 
of osteoporotie bone, at top, is eontrasted with 
that of normal bone, below. 


of men over the age of 70. Osteoporosis makes the 
bones so fragile that even a hug or a sneeze ean 
cause bones to fracture (Figure 5.36). The bones of 
the spine and the neek of the femur are particularly 
susceptible. Vertebral eollapse frequently results in 
a hunched-over posture (kyphosis) familiarly 
known as dowager’s hump (Figure 5.37). 

Estrogen helps to maintain the health and 
normal density of a woman’s skeleton, and the es- 
trogen defieieney that occurs after a woman goes 
through menopause (“ehange of life,” when 
menstmation eeases) is strongly implieated as a 
cause of osteoporosis. Other faetors that may eon- 
tribute to osteoporosis are a diet poor in calcium 
and protein, laek of vitamin D, smoking, and in- 
sufficient weight-bearing exercise to stress the 
bones. Sadly, many older people feel that they are 



Age 40 Age 60 Age 70 

Figure 5.37 Vertebral eollapse due to 
osteoporosis. Women with postmenopausal 
osteoporosis are at risk for fractures in the bones 
in their spine (vertebrae) as they age. Eventually 
these vertebrae tend to eollapse, causing 
spinal curvature that causes loss of height, 
a tilted rib eage, a dowager’s hump, and a 
protmding abdomen. 

helping themselves by “saving their strength” and 
not doing anything too physieal. Their reward for 
this is pathologie fractures (breaks that occur 
spontaneously without apparent injury), which in- 
erease dramatieally with age and are the single 
most eommon skeletal problem for this age group. 

Advaneing years also take their toll on joints. 
Weight-bearing joints in particular begin to degen- 
erate, and osteoarthritis is eommon. Such degener- 
ative joint ehanges lead to the eomplaint often 
heard from the aging person: “My joints are get- 
ting so stiff. ...” 

DID YOU GET IT 

35. Which spinal curvatures are present at birth? 

36. How does the shape of a newborn baby’s spine differ 
from that of an adult? 

37. Ninety-year-old Mrs. Pelky is groaning in pain. Her 
grandson has just pieked her up and given her a bear 
hug. What do you think might just have happened to 
her spine, and what bone eondition may she be 
suffering from? 

38. Which two regions of the skeleton grow most rapidly 
during ehildhood? 


For answers, see Appendix D. 
































Homeostatie Relationships between the 
Skeletal System and Other Body Systems 


Endoerine System 


Skeletal system provides some 
bony proteetion 

Hormones regulate uptake and 
release of calcium from bone; 
hormones promote long-bone 
grovvth and maturation 


Lymphatie System/lmmunity 


Skeletal system provides 
some proteetion to lymphatie 
organs; lymphoeytes involved 
in immune response originate 
in bone marrovv 

Lymphatie system drains leaked 
tissue fluids; immune eells 
proteet against pathogens 


Digestive System 


Skeletal system provides 
some bony proteetion to 
intestines, pelvie 
organs, and liver 
Digestive system 
provides nutrients 
needed for bone health 
and grovvth 


llrinary System 


Skeletal system proteets pelvie 
organs (bladder, ete.) 

Llrinary system aetivates vitamin 
disposes of nitrogen-eontaining 
vvastes 


Muscular System 


Skeletal system provides levers 
plus calcium for muscle aetivity 
Muscle pull on bones inereases 
bone strength and viability; helps 
determine bone shape 



Nervous System 


Skeletal system proteets brain 
and spinal eord; provides a 
depot for calcium ions needed 
for neural function 
Nerves innervate bone and 
articular capsules, providing 
for pain and joint sense 


Respiratory System 


Skeletal system (rib eage) 
proteets lungs by enclosure 
Respiratory system provides 
oxygen; disposes of earbon 
dioxide 


Cardiovascular System 


Bone marrovv eavities provide 
site for blood eell formation; 
matrix stores calcium needed 
for eardiae muscle aetivity 
Cardiovascular system delivers 
nutrients and oxygen to bones; 
earries avvay vvastes 


Reproductive System 


Skeletal system proteets some 
reproductive organs by 
enclosure 

Gonads produce hormones that 
influence form of skeleton and 
epiphyseal closure 


lntegumentary System 


Skeletal system provides 
support for body organs 
including the skin 
Skin provides vitamin D 
needed for proper calcium 
absorption and use 


Skeletal System 
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Siimmary 

Aeeess more review material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included below. 

iP = interaetive Physiology 

Bones: An Overview (pp. 134-145) 

1. Bones support and proteet body organs; serve as 
levers for the muscles to pull on to cause move- 
ment at joints; store calcium, fats, and other sub- 
stanees for the body; and eontain red marrow, the 
site of blood eell production. 

2. Bones are elassified into four groups—long, short, 
flat, and irregular—on the basis of their shape and 
the amount of eompaet or spongy bone they eon- 
tain. Bone markings are important anatomieal 
landmarks that reveal where muscles attaeh and 
where blood vessels and nerves pass. 

3. A long bone is eomposed of a shaft (diaphysis) 
with two ends (epiphyses). The shaft is eompaet 
bone; its eavity eontains yellow marrow. The epiph- 
yses are eovered with hyaline eartilage; they 
eontain spongy bone (where red marrow is 
found). 

4. The organie parts of the matrix make bone flexi- 
ble; calcium salts deposited in the matrix make 
bone hard. 

3. Bones form on hyaline eartilage “models,” or fibrous 
membranes. Eventually these initial supporting 
structures are replaeed by bone tissue. Epiphyseal 
plates persist to provide for longitudinal growth of 
long bones during ehildhood and beeome inaetive 
when adoleseenee ends. 

6. Bones ehange in shape throughout life. This re- 
modeling occurs in response to hormones (for ex- 
ample, PTH, which regulates blood calcium levels) 
and meehanieal stresses aeting on the skeleton. 

7. A fracture is a break in a bone. Common types of 
fractures include simple, compound, eompression, 
comminuted, and greenstiek. Bone fractures must 
be reduced to heal properly. 

Axial Skeleton (pp. 145-157) 

1. The skull is formed by eranial and faeial bones. 
Eight eranial bones proteet the brain: frontal, 


oeeipital, ethmoid, and sphenoid bones, and the 
pairs of parietal and temporal bones. The 14 faeial 
bones are all paired (maxillae, zygomaties, palatines, 
nasals, laerimals, and inferior nasal eonehae), 
except for the vomer and mandible. The hyoid 
bone, not really a skull bone, is supported in the 
neek by ligaments. 

2. Skulls of newborns eontain fontanels (membra- 
nous areas), which allow brain growth. The in- 
fant’s faeial bones are very small eompared to the 
size of the cranium. 

3. The vertebral column is formed from 24 vertebrae, 
the saemm, and the coccyx. There are 7 eervieal 
vertebrae, 12 thoraeie vertebrae, and 3 lumbar ver- 
tebrae, which have eommon as well as unique fea- 
tures. The vertebrae are separated by fibroeartilage 
dises that allow the vertebral column to be flexi- 
ble. The vertebral column is S-shaped to allow for 
upright posture. Primary spinal curvatures present 
at birth are the thoraeie and saeral curvatures; see- 
ondary curvatures (eervieal and lumbar) develop 
after birth. 

4. The bony thorax is formed from the sternum and 
12 pairs of ribs. All ribs attaeh posteriorly to tho- 
raeie vertebrae. Anteriorly, the first 7 pairs attaeh 
direetly to the sternum (tme ribs); the last 5 pairs 
attaeh indireetly or not at all (false ribs). The bony 
thorax eneloses the lungs, heart, and other organs 
of the thoraeie eavity. 

Appendicular Skeleton (pp. 158-165) 

1. The shoulder girdle, eomposed of two bones—the 
scapula and the elaviele—attaehes the upper limb 
to the axial skeleton. It is a light, poorly reinforeed 
girdle that allows the upper limb a great deal of 
freedom. There are two shoulder girdles. 

2. The bones of the upper limb include the humems of 
the arm, the radius and ulna of the forearm, and the 
earpals, metaearpals, and phalanges of the hand. 

3. The pelvie girdle is formed by the two coxal bones, 
or hip bones and the saemm (which is actually part 
of the axial skeleton). Eaeh hip bone is the result of 
fusion of the ilium, ischium, and pubis bones. The 
pelvie girdle is securely attaehed to the vertebral 
column, and the soeket for the thigh bone is deep 
and heavily reinforeed. This girdle reeeives the 
weight of the upper body and transfers it to the 
lower limbs. The female pelvis is lighter and 
broader than the male’s; its inlet and outlet are 
larger, which refleets the ehildbearing function. 
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4. The bones of the lower limb include the femur of 
the thigh, the tibia and fibula of the leg, and the 
tarsals, metatarsals, and phalanges of the foot. 

Joints (pp. 165-173) 

1. Joints hold bones together and allow movement of 
the skeleton. 

2. Joints fall into three functional eategories: synarthroses 
(immovable), amphiarthroses (slightly movable), and 
diarthroses (freely movable). 

3. Joints also ean be elassified structurally as fibrous, 
cartilaginous, or synovial joints depending on the 
substance separating the articulating bones. 

4. Most fibrous joints are synarthrotie, and most earti- 
laginous joints are amphiarthrotie. Fibrous and ear- 
tilaginous joints occur mainly in the axial skeleton. 

3. Most joints of the body are synovial joints, which 
predominate in the limbs. In synovial joints, the ar- 
ticulating bone surfaces are eovered with articular 
eartilage and enelosed within the joint eavity by a 
fibrous capsule lined with a synovial membrane. 
All synovial joints are diarthroses. 

6. The most eommon joint problem is arthritis, or in- 
flammation of the joints. Osteoarthritis, or degenera- 
tive arthritis, is a result of the a wear and tear” on 
joints over many years and is a eommon afflietion of 
the aged. Rlieumatoid arthritis occurs in both young 
and older adults; it is believed to be an autoimmune 
disease. Gouty arthritis, caused by the deposit of uric 
aeid erystals in joints, typieally affeets a single joint. 

Developmental Aspeets of the Skeleton 

(pp. 173-175) 

1. Fontanels, which allow brain growth and ease 
birth passage, are present in the skull at birth. 
Growth of the cranium after birth is related to 
brain growth; the inerease in size of the faeial 
skeleton follows tooth development and enlarge- 
ment of the respiratory passageways. 

2. The vertebral column is C-shaped at birth (thoraeie 
and saeral curvatures are present); the seeondary 
curvatures form when the baby begins to lift its 
head and walk. 

3. Long bones continue to grow in length until late 
adoleseenee. By the age of 10, the head and tmnk 
are approximately the same height as the lower 
limbs and ehange little thereafter. 

4. Fractures are the most eommon bone problem in 
elderly people. Osteoporosis, a eondition of bone 
wasting that results mainly from hormone defieit 
or inaetivity, is also eommon in older individuals. 


Rei/ieM/ Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. Which of the following are eorreetly matehed? 

a. Short bone—wrist 

b. Long bone—leg 

e. Irregular bone—sternum 

d. Flat bone—cranium 

2. A passageway eonneeting neighboring osteoeytes 
in an osteon is a 

a. eentral eanal. d. canaliculus. 

b. lamella. e. perforating eanal. 

e. lacuna. 

3. Which of the following would you expect to be 
prominent in osteoelasts? 

a. Golgi apparatus e. Mierofilaments 

b. Lysosomes d. Exocytosis 

4. Bone pain behind the external acoustic meatus 
probably involves the 

a. maxilla. d. temporal. 

b. ethmoid. e. laerimal. 

e. sphenoid. 

3. Bones that articulate with the sphenoid include 

a. parietal. d. zygomatie. 

b. vomer. e. ethmoid. 

e. maxilla. 

6. Which humeral proeess articulates with the radius? 

a. Troehlea d. Capitulum 

b. Greater tubercle e. Oleeranon fossa 

e. Lesser tubercle 

7. The parts of the thoraeie vertebrae that articulate 
with the ribs are 

a. spinous proeess. 

b. transverse proeess. 

e. superior articular proeesses. 

d. body. 

e. pedieles. 

8. Which of the following bones or bone parts articu- 
late with the femur? 

a. Isehial tuberosity d. Fibula 

b. Pubis e. Tibia 

e. Patella 
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9. Which bone of the arm eorresponds to the femur 
of the leg? 

a. Ulna d. Tibia 

b. Humerus e. Fibula 

e. Radius 

10. At what stage of life do the lower limbs attain the 
same height as the head and tmnk? 

a. At birth 

b. By 10 years of age 
e. At puberty 

d. When the epiphyseal plates fuse 

e. Never 


11. Mateh the types of joints to the deseriptions that apply 
to them. (More than one deseription might apply.) 

a. Fibrous joints 

b. Cartilaginous joints 
e. Synovial joints 

_1. Have no joint eavity 

_2. Types are sutures and syndesmoses 

_3. Dense eonneetive tissue fills the spaee between 

the bones 

_4. Almost all joints of the skull 

_3. Types are synehondroses and symphyses 

_6. All are diarthroses 

_7. The most eommon type of joint in the body 

_8. Nearly all are synarthrotie 

_9. Shoulder, hip, knee, and elbow joints 


12. Mateh the bone markings listed on the right with 
their function listed on the left. 


1. Attaehment site 
for muscle or 
ligament 

2. Forms a joint 
surface 

3. Passageway for 
vessels or nerves 


a. Troehanter 

b. Condyle 
e. Foramen 

d. Proeess 

e. Faeet 

f. Tuberosity 


Short Answer Essay 

13. Name three hmetions of the skeletal system. 

14. What is yellow marrow? How do spongy and eom- 
paet bone look different? 

13. Why do bone injuries heal much more rapidly than 
injuries to eartilage? 

16. Compare and eontrast the role of PTH (hormone) 
and meehanieal forees aeting on the skeleton in 
bone remodeling. 


17. Which fracture types are most eommon in older 
people? Why are greenstiek fractures more eom- 
mon in ehildren? 

18. Name the eight bones of the cranium. 

19- With one exception, all skull bones are joined by 
sutures. What is the exception? 

20. What faeial bone forms the ehin? The eheekbone? 
The upper jaw? The bony eyebrow ridges? 

21. Name two ways in which the fetal skull differs from 
the adult skull. 

22. How many vertebrae are there in eaeh of the three 
superior regions of the vertebral column? 

23. Diagram the normal spinal curvatures and then the 
curvatures seen in seoliosis and lordosis. 

24. What is the function of the intervertebral dises? 
What is a slipped dise? 

25. Name the major eomponents of the thorax. 

26. Is a floating rib a tme or a false rib? Why are float- 
ing ribs easily broken? 

27. Name the bones of the shoulder girdle. 

28. Name all the bones with which the ulna articulates. 

29. What bones make up eaeh hip bone (coxal bone)? 
Which of these is the largest? Which has tuberosi- 
ties that we sit on? Which is the most anterior? 

30. Name the bones of the lower limb from superior to 
inferior. 

31. Compare the amount of movement possible in 
synarthrotie, amphiarthrotie, and diarthrotie joints. 
Relate these terms to the structural elassifieation of 
joints; that is, to fibrous, cartilaginous, and synovial 
joints. 

32. Deseribe the structure of a synovial joint. 

33- Professor Rogers pointed to the foramen magnum 
of the skull and said, “The food passes through this 
hole when you swallow.” Some students believed 
him, but others said that this was a big mistake. 
What do you think? Support your answer. 

34. Yolanda is asked to review a bone slide that has 
been set up under a mieroseope. She sees eoneen- 
trie layers surrounding a eentral eavity or eanal. Is 
this bone seetion taken from the diaphysis or the 
epiphyseal plate of the bone speeimen? 

35. List two faetors that keep bones healthy. List two 
faetors that ean cause bones to beeome soft or to 
atrophy. 
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C ritieal Thinking and 
(linieal Applieation 
Questions 

36. A 75-year-old woman and her 9-year-old grand- 
daughter were in a train erash in which both sus- 
tained trauma to the ehest while seated next to 
eaeh other. X-ray images showed that the grand- 
mother had several fractured ribs, but her grand- 
daughter had none. Explain these surprisingly (?) 
different findings. 

37. The pediatrieian at the elinie explains to parents of 
a newborn that their son suffers from eleft palate. 
She tells them that the normal palate fuses in an 
anterior-to-posterior pattern. The ehild’s palatine 
proeesses of the maxilla have not fused. Have his 
palatine bones fused normally? 

38. After having a severe eold aeeompanied by nasal 
eongestion, Helen eomplained that she had a 
frontal headaehe and the right side of her faee 
aehed. What bony structures probably beeame in- 
feeted by the baeteria or vimses causing the eold? 


39. Berniee, a 75-year-old woman, stumbled slightly 
while walking, then felt a terrible pain in her left 
hip. At the hospital, X rays revealed that the hip 
was broken. Also, the eompaet and spongy bone 
throughout her spine were very thin. What was her 
probable eondition? 

40. At work, a box fell from a shelf onto Bertha’s aero- 
mial region. In the emergeney room, the physieian 
felt that the head of her humerus had moved into 
the axilla. What had happened to Bertha? 

41. An X-ray image of the arm of an aeeident vietim re- 
veals a faint line curving around and down the 
shaft. What kind of fracture might this indieate? 

42. Bone X rays are sometimes used to determine 
whether a person has reaehed his or her final 
height. What are the elinieians eheeking out? 

43. A patient eomplains of pain starting in the jaw and 
radiating down the neek. When he is questioned 
further, he states that when he is under stress he 
grinds his teeth. What joint is causing his pain? 

44. Dr. Davis is palpating Jane’s vertebral column to 
determine whether she is beginning to exhibit seol- 
iosis. What part or region of her vertebrae was he 
feeling as he ran his fingers along her spine? 







/ 





FHNlTION PREI/IEIÁ/ 

I The muscular system provides for movement of the body and its parts, maintains 
posture, generates heat, and stabilizes joints. 


Beeaiise flemg miiseles look like miee scurrying 

beneath the skin, some seientist long ago dubbed 
them nmseles, from the Latin word mus meaning 
“little mouse.” Indeed, the rippling muscles of pro- 
fessional boxers or weight lifters are often the first 
thing that eomes to mind when someone hears the 
word mnsele. But muscle is also the dominant tis- 
sue in the heart and in the walls of other hollow 
organs of the body. In all its forms, it makes up 
nearly half the body’s mass. 

The essential function of muscle is eontraetion , 
or shortening —a unique eharaeteristie that sets it 
apart from any other body tissue. As a result of this 
ability, muscles are responsible for essentially all- 
body movement and ean be viewed as the “ma- 
ehines” of the body. 


Overview of Muscle 
Tissues 

v/ Deseribe similarities and differenees in the structure 
and function of the three types of muscle tissue, and 
indieate where they are found in the body. 

Define muscular system. 

v/ Define and explain the role of the following: 

endomysium, perimysium, epimysium, tendon, and 
aponeurosis. 

Muscle Types 

There are three types of muscle tissue—skeletal, 
eardiae, and smooth. As summarized in Table 6.1, 
these differ in their eell structure, body loeation, 
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Table 6.1 Comparison of Skeletal, Gardiae, and Smooth Muscles 


Characteristic Skeletal Gardiae Smooth 


Body loeation 


Cell shape and 
appearanee 


Attaehed to bones or, for 
some faeial muscles, to 
skin 



Single, very long, eylindrieal, 
multinucleate eells with 
very obvious striations 


Walls of the heart 



Branehing ehains of eells; 
uninucleate, striations; 
interealated dises 


Mostly in walls of hollow 
viseeral organs (other 
than the heart) 



Single, fusiform, uninucleate; 
no striations 






Connective tissue Epimysium, perimysium, 
eomponents and endomysium 


Endomysium attaehed 
to the fibrous skeleton 
of the heart 


Endomysium 



Endomysium 
Epimysium 


Perimysium 



Endomysium 



Endomysium 


Regulation of Voluntary; via nervous 

eontraetion system eontrols 


Speed of 
eontraetion 


Rhythmie 

eontraetion 


Slow to fast 




lnvoluntary; the heart has 
a paeemaker; also nervous 
system eontrols; hormones 

Slow 


lnvoluntary; nervous system 
eontrols; hormones, ehemieals, 
streteh 

Very slow 




Yes, in some 
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and how they are stimialated to eontraet. But 
before we explore their differenees, let’s look at 
some of the ways they are the same. 

First, skeletal and smooth muscle eells are elon- 
gated. For this reason, these types of muscle eells 
(but not eardiae muscle eells) are ealled muscle 
fìbers. Seeond, the ability of muscle to shorten, or 
eontraet, depends on two types of myofilaments , 
the muscle eell equivalents of the mierofilaments of 
the eytoskeleton studied in ehapter 3. A third simi- 
larity has to do with terminology. Whenever you 
see the prefixes myo- and mys- ( a muscle”) and 
sareo- Oflesh”), you will know that muscle is being 
referred to. For example, in muscle eells the eyto- 
plasm is ealled sareoplasm (sar'ko-plaz"um). 

Skeletal Muscle 

Skeletal muscle fìbers are paekaged into the or- 
gans ealled skeletal mnseles that attaeh to the 
body’s skeleton. As the skeletal muscles eover our 
bony “underpinnings,” they help form the much 
smoother contours of the body. Skeletal muscle 
fibers are huge, eigar-shaped, multinucleate eells. 
They are the largest of the muscle fiber types— 
some ranging up to 30 em (nearly 1 foot) in 
length. Indeed, the fibers of large, hardworking 
muscles, such as the antigravity muscles of the 
hip, are so big and eoarse that they ean be seen 
with the naked eye. 

Skeletal muscle is also known as striated 
muscle (because its fibers have obvious stripes) 
and as vohmtary muscle (because it is the only 
muscle type subject to conscious eontrol). 
However, it is important to reeognize that skeletal 
muscles are often aetivated by reflexes (without 
our “willed eommand”) as well. When you think 
of skeletal muscle tissue, the key words to remem- 
ber are skeletal, striated, and voluntary. Skeletal 
muscle tissue ean eontraet rapidly and with great 
foree, but it tires easily and must rest after short 
periods of aetivity. 

Skeletal muscle fibers, like most eells, are soft 
and smprisingly fragile. Yet skeletal muscles ean 
exert tremendous power—indeed, the foree they 
generate in, say lifting a weight, is often much 
greater than that required to lift the weight. The 
reason they are not ripped apart as they exert 
foree is that thousands of their fibers are bundled 
together by eonneetive tissue, which provides 
strength and support to the muscle as a whole 
(Figure 6.1). Eaeh muscle fiber is enelosed in a 



What is the meaning of epi? Of mys? How do these word 
roots relate to the role and position ofthe epimysium? 


Muscle 


Blood vessel 


Perimysium 


Epimysium 
(wraps entire 
muscle) 



Tendon 


Bone 


Faseiele 
(wrapped by 


perimysium) 


Endomysium 


Figure 6.1 Connective tissue wrappings of 
skeletal muscle. 


delieate eonneetive tissue sheath ealled an 
endomysium (en"do-mis'e-um). Several sheathed 
muscle fibers are then wrapped by a eoarser fi- 
brous membrane ealled a perimysium to form a 
bundle of fibers ealled a faseiele (fas'í-kul). Many 
faseieles are bound together by an even tougher 
“overeoat” of eonneetive tissue ealled an 
epimysium, which eovers the entire muscle. The 
epimysia blend either into strong, eordlike 
tendons or into sheetlike aponeuroses (ap"o-nu- 
ro'séz), which attaeh muscles indireetly to bones, 
eartilages, or eonneetive tissue eoverings. 

Besides simply aeting to anehor muscles, ten- 
dons perform several other functions. The most 
important are providing durability and eonserving 
spaee. Tendons are mostly tough eollagenie fibers, 
so they ean eross rough bony projeetions, which 
would tear the more delieate muscle tissues. 



■eiosnm e jqao jo uodn nieegs e s / ninisÁniidd 
egi ■eiosnm = sAlu pue episeg ‘joao ‘uodn = jdg 
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Mucosa 


Circular layer 
of smooth muscle 
(longitudinal view 
of eells) 



Submucosa 


Longitudinal layer 
of smooth muscle 
(eross-seetional 
view of eells) 




Cardiac 

muscle 

bundles 


(b) 

Figure 6.2 Arrangement of smooth and 
eardiae muscle eells. (a) Diagrammatie view of a 
eross seetion of the intestine. (b) Longitiidinal view 
of the heart, showing the spiral arrangement of the 
eardiae muscle eells in its walls. 


Because of their relatively small size, more ten- 
dons than fleshy muscles ean pass over a joint. 

Many people think of muscles as always 
having an enlarged “belly” that tapers down to a 
tendon at eaeh end. However, muscles vary eon- 
siderably in the way their fibers are arranged. 
Many are spindle-shaped as just deseribed, but in 
others, the fibers are arranged in a fan shape or a 
eirele, as deseribed on pp. 202 and 203. 

Smooth Muscle 

Smooth muscle has no striations and is involun- 
taiy, which means that we eannot consciously eon- 
trol it. Found mainly in the walls of hollow viseeral 
organs such as the stomaeh, urinary bladder, and 
respiratory passages, smooth muscle propels sub- 
stanees along a definite traet, or pathway, within 
the body. We ean best deseribe smooth muscle us- 
ing the terms viseeral , nonstriated, and involuntary. 

As deseribed in ehapter 3, smooth muscle 
eells are spindle-shaped, have a single nucleus, 
and are surrounded by a seant endomysium (see 
also Table 6.1). They are arranged in layers and 
most often there are two such layers, one mnning 
circularly and the other longitudinally, as shown in 
Figure 6.2a. As the two layers alternately eontraet 
and relax, they ehange the size and shape of the 
organ. Moving food through the digestive traet 
and emptying the bowels and bladder are exam- 
ples of “housekeeping” aetivities normally handled 
by smooth muscles. Smooth muscle eontraetion is 
slow and sustained. If skeletal muscle is like a 
speedy wind-up ear that quickly mns down, then 
smooth muscle is like a steady, heavy-duty engine 
that lumbers along tirelessly. 

Cardiac Muscle 

Cardiac muscle is found in only one plaee in the 
body—the heart, where it forms the bulk of the 
heart walls. The heart serves as a pump, pro- 
pelling blood into the blood vessels and to all tis- 
sues of the body. Cardiac muscle is like skeletal 
muscle in that it is striated, and like smooth mus- 
ele in that it is involuntary and eannot be eon- 
sciously eontrolled by most of us. Important key 
words to jog your memory for this muscle type are 
eardiae, striated, and involuntary. 

The eardiae fibers are cushioned by small 
amounts of soft eonneetive tissue (endomysium) 
and arranged in spiral or figure 8-shaped bundles, 
as shown in Figure 6.2b. When the heart eontraets, 
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its internal ehambers beeome smaller, foreing the 
blood into the large arteries leaving the heart. 
Reeall that eardiae muscle fibers are branehing eells 
joined by speeial junctions ealled interealated dises 
(see Figure 3.20b on p. 98). These two stmctural 
features and the spiral arrangement of the muscle 
bundles in the heart allow heart aetivity to be 
elosely eoordinated. Cardiac muscle usually eontraets 
at a fairly steady rate set by the heart’s a in-house” 
paeemaker, but the heart ean also be stirmalated by 
the nervous system to shift into “high gear” for 
short periods, as when you mn to eateh a bus. 

As you ean see, eaeh of the three muscle types 
has a stmcture and function well suited for its job 
in the body. But because the term muscular system 
applies speeifieally to skeletal muscle, we will be 
eoneentrating on this muscle type in this ehapter. 

Muscle Functions 

Producing movement is a eommon function of all 
muscle types, but skeletal muscle plays three other 
important roles in the body as well: it maintains 
posture, stabilizes joints, and generates heat. Let’s 
take a look. 

Producing Movement 

Just about all movements of the human body result 
from muscle eontraetion. Skeletal muscles are re- 
sponsible for mobility of the body as a whole, in- 
cluding all loeomotion (walking, swimming, and 
cross-country skiing, for instanee) and manipula- 
tion. They enable us to respond quickly to ehanges 
in the external environment. For example, their 
speed and power enable us to jump out of the way 
of a runaway ear and then follow its fiight with our 
eyes. They also allow us to express our emotions 
with the silent language of smiles and frowns. 

They are distinet from the smooth muscle of 
blood vessel walls and eardiae muscle of the heart, 
which work together to circulate blood and main- 
tain blood pressure, and the smooth muscle of 
other hollow organs, which forees fluids (urine, 
bile) and other substances (food, a baby) through 
internal body ehannels. 

Maintaining Posture and Body Position 

We are rarely aware of the workings of the skele- 
tal muscles that maintain body posture. Yet, they 
function almost continuously, making one tiny 
adjustment after another so that we maintain an 


ereet or seated posture despite the never-ending 
downward pull of gravity. 

Stabilizing Joints 

As the skeletal muscles pull on bones to cause 
movements, they also stabilize the joints of the 
skeleton. Indeed, muscle tendons are extremely 
important in reinforeing and stabilizing joints that 
have poorly fitting articulating surfaces (the shoul- 
der joint, for example). 

Generating Heat 

Body heat is generated as a by-product of muscle 
aetivity. As ATP is used to power muscle eontrae- 
tion, nearly three-quarters of its energy eseapes as 
heat. This heat is vital in maintaining normal body 
temperature. Skeletal muscle accounts for at least 
40 pereent of body mass, so it is the muscle type 
most responsible for generating heat. 

Additional Functions 

Some other roles are usually left off lists of major 
muscle functions: Skeletal muscles proteet fragile 
internal organs by enclosure. Smooth muscles form 
valves to regulate the passage of substances 
through internal body openings, dilate and eonstriet 
the pupils of our eyes, and aetivate the arreetor pili 
muscles that cause our hairs to stand on end. 

DID YOU GET IT 

1. How do eells of the three types of muscle tissues 
differ from one another anatomieally? 

2 . Which muscle type has the most elaborate eonneetive 
tissue wrappings? 

3. What does striated mean relative to muscle eells? 

4. How do the movements promoted by skeletal muscle 
differ from those promoted by smooth muscle? 

For answers, see Appendix D. 

Mieroseopie Anatomy 
of Skeletal Muscle 

Deseribe the mieroseopie structure of skeletal muscle, 
and explain the role of aetin- and myosin-eontaining 
myofilaments. 

As mentioned above and illustrated in Figure 6.3a, 
skeletal muscle eells are multinucleate. Many oval 
nuclei ean be seen just beneath the plasma 
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Figure 6.3 Anatomy of a 
skeletal muscle fiber (eell). 

(a) A portion of a muscle fiber. One 
myofibril has been extended. 

(b) Enlarged view of a seetion of a 
myofibril showing its banding 
pattern. (e) Enlarged view of one 
sareomere (eontraetile unit) of a 
myofibril. (d) Structure of the thiek 
and thin myofilaments found in the 
sareomeres. 
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membrane, which is ealled the sareolemma 
(sar"ko-lem'ah; “muscle husk”) in muscle eells. 
The nuclei are pushed aside by long ribbonlike or- 
ganelles, the myofibrils (mi"o-fi'brilz), which 
nearly fill the eytoplasm. Alternating light (I) and 
dark (A) bands along the length of the perfeetly 
aligned myofibrils give the muscle eell as a whole 
its striped appearanee. (Think of the seeond letter 
of light, I, and the seeond letter of dark, A, to help 
you remember which band is which.) A eloser 
look at the banding pattern reveals that the light I 
band has a midline intermption, a darker area 
ealled the Z dise, and the dark A band has a 
lighter eentral area ealled the Hzone (Figure 6.3b). 
The M line in the eenter of the H zone eontains 
tiny protein rods that hold adjaeent thiek filaments 
together. 

So why are we bothering with all these terms— 
dark this and light that? Because the banding pat- 
tern reveals the working structure of the myofibrils. 
First, we find that the myofibrils are actually ehains 
of tiny eontraetile units ealled sareomeres (sar'ko- 
merz), which are aligned end to end like boxcars 
in a train along the length of the myofibrils. 
Seeond, it is the arrangement of even smaller stme- 
tures (myofilaments) within sareomeres that actu- 
ally produces the banding pattern. 

Let’s examine how the arrangement of the myo- 
filaments leads to the banding pattern. There are 
two types of threadlike protein myofìlaments 
within eaeh of our “boxcar” sareomeres (Figure 
6.3c). The larger thiek fìlaments, also ealled 
myosin filaments, are made mostly of bundled 
molecules of the protein myosin, but they also 
eontain ATPase enzymes, which split ATP to gen- 
erate the power for muscle eontraetion. Notiee 
that the thiek filaments extend the entire length of 
the dark A band. Also, notiee that the midparts of 
the thiek filaments are smooth, but their ends are 
studded with small projeetions (Figure 6.3d). 
These projeetions, or myosin heads, are ealled 
eross bridges when they link the thiek and thin 
filaments together during eontraetion. 

The thin fìlaments are eomposed of the eon- 
traetile protein ealled aetin, plus some regulatory 
proteins that play a role in allowing (or prevent- 
ing) binding of myosin heads to aetin. The thin fil- 
aments, also ealled aetin filaments, are anehored 
to the Z dise (a diselike membrane). Notiee that 
the light I band includes parts of two adjaeent sar- 
eomeres and eontains only the thin filaments. 


Although they overlap the ends of the thiek 
filaments, the thin filaments do not extend into the 
middle of a relaxed sareomere, and thus the een- 
tral region (the H zone, which laeks aetin fila- 
ments and looks a bit lighter) is sometimes ealled 
the bare zone. When eontraetion occurs and the 
aetin-eontaining filaments slide toward eaeh other 
into the eenter of the sareomeres, these light zones 
disappear because the aetin and myosin filaments 
are eompletely overlapped. For now, however, 
just reeognize that it is the preeise arrangement 
of the myofilaments in the myofibrils that pro- 
duces the banding pattern, or striations, in skeletal 
muscle eells. 

Not shown in Figure 6.3 is another very impor- 
tant muscle fiber organelle—the sareoplasmie 
reticulum (SR), a speeialized smooth endoplas- 
mie reticulum. The intereonneeting tubules and 
saes of the SR surround eaeh and every myofibril 
just as the sleeve of a loosely eroeheted sweater 
surrounds your arm. The major role of this elabo- 
rate system is to store ealemm and to release it on 
demand when the muscle fiber is stimulated to 
eontraet. As you will see, calcium provides the fi- 
nal “go” signal for eontraetion. 


DID YOU GET IT 



5. Speeifieally, vvhat is responsible for the banding 
pattern in skeletal muscle eells? 

For the answer, see Appendix D. 


Skeletal Muscle Aetivity 

Stirrmlation and Contraction 
of Single Skeletal Muscle Cells 

,Z Deseribe hovv an aetion potential is initiated in a 
muscle eell. 

Muscle eells have some speeial functional prop- 
erties that enable them to perform their duties. 
The first of these is excitahility, also termed re- 
sponsiveness, which is the ability to reeeive and 
respond to a stimulus. The seeond, eontraetility, is 
the ability to shorten (foreibly) when adequately 
stimulated. This property sets muscle apart from 
all other tissue types. Extensihility is the ability of 
muscle eells to be stretehed, whereas elastieity is 
their ability to reeoil and resume their resting 
length after being stretehed. 
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(a) 

Figure 6-4 Motor units. Eaeh motor unit eonsists of a motor neuron and all the 
muscle fibers it aetivates. (a) Portions of two motor units are shown. The motor neurons 
reside in the spinal eord, and their axons extend to the muscle. VVithin the muscle, eaeh 
axon divides into a number of axon terminals, distributed to muscle fibers seattered 
throughout the muscle. (b) Photo of a portion of a motor unit (100x). 


The Nerve Stimulus and the 
Aetion Potential 

To eontraet, skeletal muscle eells must be stimu- 
lated by nerve impulses. One motor neuron 
(nerve eell) may stimulate a few muscle eells or 
hundreds of them, depending on the particular 
muscle and the work it does. One neuron and all 
the skeletal muscle eells it stimulates is ealled a 
motor unit (Figure 6.4). When a long, thread- 
like extension of the neuron, ealled the nerve 
fiber or axon, reaehes the muscle, it branehes 
into a number of axon terminals, eaeh of 
which forms junctions with the sareolemma of a 
different muscle eell (Figure 6.5). These junc- 
tions, ealled neuromuscular (literally, “nerve- 
muscle”) junctions, eontain vesieles filled with 
a ehemieal referred to as a neurotransmitter. 
The speeifie neurotransmitter that stirmalates 


skeletal muscle eells is aeetyleholine (as"e-til- 
koTèn), or ACh. Although the nerve endings 
and the muscle eells’ membranes are very elose, 
they never touch. The gap between them, the 
synaptie eleft, is filled with tissue (interstitial) 
fluid. 


DID YOU GET IT 



6 . VVhat two structures are elosely assoeiated at a 
neuromuscular junction? 

For the answer, see Appendix D. 


Now that we have deseribed the structure of 
the neuromuscular junction, we are ready to ex- 
amine what happens there. As you read, refer to 
the mimbered steps in Figure 6.5. When a nerve 
impulse reaehes the axon terminals 0, calcium 

O —I— 

ehannels open and calcium (Ca ) enters the 
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Figure 6.5 Events at the neuromuscular 
junction. 
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terminal Calcium entry causes some of the 
synaptie vesieles in the axon terminal to release 
aeetyleholine @, which then diffuses aeross the 
synaptie eleft and attaehes to reeeptors (mem- 
brane proteins) that are loeated in highly folded 
regions of the sareolemma If enough aeetyl- 
eholine is released, the sareolemma at that point 
beeomes temporarily even more permeable to 
sodium ions (Na + ), which msh into the muscle 
eell, and to potassium ions (K + ), which diffuse out 
of the eell. However, more Na + enters than K + 
leaves. This imbalanee gives the eell interior an 
excess of positive ions, which reverses the eleetri- 
eal eonditions of the sareolemma, an event ealled 
depolarization, and opens more ehannels that al- 
low Na + entry only @. This “upset” generates an 
eleetrieal current ealled an aetion potential. 
Onee begun, the aetion potential is unstoppable; it 
travels over the entire surface of the sareolemma, 
conducting the eleetrieal impulse from one end of 
the eell to the other. The result is eontraetion of 
the muscle eell. 

Note that while the aetion potential is occur- 
ring, aeetyleholine, which began the proeess, is 
broken down to aeetie aeid and eholine by en- 
zymes (aeetyleholinesterase, or AChE) present on 
the sareolemma and in the synaptie eleft @ (see 
Figure 6.5 ®). For this reason, a single nerve im- 
pulse produces only one eontraetion. This pre- 
vents continued eontraetion of the muscle eell in 


the absenee of additional nerve impulses. The 
muscle eell relaxes until stimulated by the next 
round of aeetyleholine release. 

We explain this series of events more fully 
on pp. 235-238 in the discussion of nerve physi- 
ology, but perhaps it would be helpful to eom- 
pare this to some eommon event, such as lighting 
a mateh under a small dry twig (Figure 6.6). The 
eharring of the twig by the flame ean be eom- 
pared to the ehange in membrane permeability 
that allows sodium ions into the eell. When that 
part of the twig beeomes hot enough (when 
enough sodium ions have entered the eell), the 
twig will suddenly burst into flame, and the 
flame will consume the twig (the aetion potential 
will be conducted along the entire length of the 
sareolemma). 

The events that return the eell to its resting 
state include (1) diffusion of potassmm ions (K + ) 
out of the eell and (2) operation of the sodium- 
potassium pump, the aetive transport meehanism 
that moves the sodium and potassmm ions baek to 
their initial positions. 


DID YOU GET IT 



7. VVhat ions enter the muscle eell during aetion potential 
generation? 


For the ansvver, see Appendix D. 
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Figure 6.6 Comparison of the aetion potential to a flame consuming a dry 
twig. (a) The first event in igniting a dry twig is holding the mateh flame under one area 
of the twig. The seeond event is the twig’s bursting into flame when it has been heated 
enough and spreading of the flame to burn the entire twig. (b) The first event in exciting a 
muscle eell is the rapid diffusion of sodium ions (Na + ) into the eell when the permeability 
of the sareolemma ehanges. The seeond event is the spreading of the aetion potential 
along the sareolemma when enough sodium ions have entered to upset the eleetrieal 
eonditions in the eell. 
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Meehanism of Muscle Oontraetion: 

The Sliding Filament Theory 

Deseribe the events of muscle eell eontraetion. 

What causes the filaments to slide? This question 
brings us baek to the myosin heads that pro- 
trude all around the ends of the thiek filaments. 
When muscle fibers are aetivated by the nervous 
system as just deseribed, the myosin heads at- 
taeh to binding sites on the thin filaments, and 
the sliding begins. Eaeh eross bridge attaehes 
and detaehes several times during a eontraetion, 
generating tension that helps to pull the thin 
filaments toward the eenter of the sareomere. As 
this event occurs simultaneously in sareomeres 
throughout the muscle eell, the eell shortens 
(Figure 6.7). 

This u walking” of the myosin eross bridges, or 
heads, along the thin filaments during muscle 
shortening is much like a eentipede’s gait. Some 
myosin heads (“legs”) are akvays in eontaet with 
aetin ( a the ground”), so that the thin filaments ean- 
not slide backward as this eyele repeats again and 
again during eontraetion. Notiee that the myofila- 
ments themselves do not shorten during eontrae- 
tion; they simply slide past eaeh other. 

The attaehment of the myosin eross bridges to 
aetin requires calcium ions (Ca 2+ ). So where does 
the calcium eome from? Aetion potentials pass 
deep into the muscle eell along membranous 
tubules that fold inward from the sareolemma. 
Inside the eell, the aetion potentials stimulate the 
sareoplasmie reticulum to release calcium ions 
into the eytoplasm. The calcium ions trigger the 
binding of myosin to aetin, initiating filament slid- 
ing. This sliding proeess and the role of calcium 
are depieted in Figure 6.8. When the aetion po- 
tential ends, ealemm ions are immediately reab- 
sorbed into the SR storage areas, and the muscle 
eell relaxes and settles baek to its original length. 
This whole series of events takes a few thou- 
sandths of a seeond. 


DID YOU GET IT 



8 . VVhat ehemieal—ATP or Ca 2+ —triggers sliding of the 
muscle filaments? 

9. VVhieh is a eross-bridge attaehment more similar to: a 
preeise rowing team or a person pulling a bucket on a 
rope out of a well? 

For answers, see Appendix D. 





(b) 

Figure 6.7 Diagrammatie views of a sareomere. 

(a) Relaxed; (b) fully eontraeted. Notiee that in the 
eontraeted sareomere, the light H zone in the eenter 
of the A band has disappeared, the Z dises are eloser 
to the thiek filaments, and the I bands have nearly 
disappeared. The A bands move eloser together 
but do not ehange in length. 


Contraction of a Skeletal 
Miisele as a Whole 

Define graded response, tetanus, isotonie and 
isometrie eontraetions, and muscle tone as these 
terms apply to a skeletal muscle. 

Graded Responses 

In skeletal muscles, the a all-or-none” law of mus- 
ele physiology applies to the muscle eell, not to 
the whole muscle. It states that a muscle eell will 
eontraet to its fullest extent when it is stimulated 
adequately; it never partially eontraets. However, 
the whole muscle reaets to stimuli with graded 
responses, or different degrees of shortening. 
In general, graded muscle eontraetions ean be 
produced two ways: (1) by ehanging the 
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Myosin myofilament 


Aetin myofilament 


(a) 


In a relaxed muscle eell, the regulatory proteins 
forming part of the aetin myofilaments prevent myosin 
binding (see a). When an aetion potential (AP) 
sweeps along its sareolemma and a muscle eell is 
excited, calcium ions (Ca 2+ ) are released from 
intracellular storage areas (the saes of the 
sareoplasmie reticulum). 



The flood of calcium aets as the final trigger for 
eontraetion, because as calcium binds to the 
regulatory proteins on the aetin filaments, the proteins 
undergo a ehange in both their shape and their 
position on the thin filaments. This aetion exposes 
myosin-binding sites on the aetin, to which the myosin 
heads ean attaeh (see b), and the myosin heads 
immediately begin seeking out binding sites. 



(C) 


Figure 6.8 Sehematie representation of 
eontraetion meehanism: The sliding filament 
theory. 


The free myosin heads are “eoeked,” much like a set 
mousetrap. Myosin attaehment to aetin “springs the 
trap,” causing the myosin heads to snap (pivot) 
toward the eenter of the sareomere. When this 
happens, the thin filaments are slightly pulled toward 
the eenter of the sareomere (see e). ATP provides the 
energy needed to release and reeoek eaeh myosin 
head so that it is ready to attaeh to a binding site 
farther along the thin filament. When the AP ends and 
calcium ions are returned to SR storage areas, the 
regulatory proteins resume their original shape and 
position, and again bloek myosin binding to the thin 
filaments. As a result, the muscle eell relaxes and 
settles baek to its original length. 


frequency of muscle stimulation and (2) by ehang- 
ing the number of muscle eells being stimulated at 
one time. We briefly deseribe a muscle’s response 
to eaeh of these next. 

Muscle Response to inereasingly Rapid Stimulation 

Although muscle twitches (single, brief, jerky 
eontraetions) sometimes result from eertain ner- 
vous system problems, this is not the way our mus- 
eles normally operate. In most types of muscle 
aetivity, nerve impulses are delivered to the 


muscle at a very rapid rate—so rapid that the mus- 
ele does not get a ehanee to relax eompletely 
between stimuli. As a result, the effeets of the 
successive eontraetions are “summed” (added) 
together, and the eontraetions of the muscle get 
stronger and smoother. When the muscle is stimu- 
lated so rapidly that no evidenee of relaxation 
is seen and the eontraetions are eompletely 
smooth and sustained, the muscle is said to be in 
ftised, or eomplete, tetanus (tet'ah-nus), or in 
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Figure 6.9 A whole muscle’s response to different rates of stimulation. In (a), 

a single stimulus is delivered, and the muscle eontraets and relaxes (a twitch eontraetion). 

In (b), stimuli are delivered more frequently, so the muscle does not have time to 
eompletely relax; eontraetion foree inereases because effeets of the individual twitches 
are summed. In (e), more eomplete fusion of the twitches (unfused tetanus) occurs as 
stimuli are delivered at a still faster rate.ln (d), fused tetanus, a smooth continuous 
eontraetion without any evidenee of relaxation, results from a very rapid rate of 
stimulation. (Points at which stimuli are delivered are indieated by red arrows. Tension 
[measured in grams] on the vertieal axis refers to the relative foree of muscle eontraetion.) 



tetanie eontraetion.* Until this point is reaehed, the 
muscle is said to be exhibiting unfused, or 
ineomplete, tetanus (Figure 6.9). 

Muscle Response to Stronger Stimuli Tetanus pro- 

duces stronger muscle eontraetions, but its pri- 
mary role is to produce smooth and prolonged 
muscle eontraetions. How foreefblly a muscle eon- 
traets depends to a large extent on how many of 
its eells are stimulated. When only a few eells are 
stimulated, the eontraetion of the muscle as a 
whole is slight. When all the motor units are aetive 
and all the muscle eells are stimulated, the muscle 
eontraetion is as strong as it ean get. Thus, muscle 
eontraetions ean be slight or vigorous depending 
on what work has to be done. The same hand that 
gently soothes ean also deliver a stinging slap! 

Providing Energy for Muscle Contraction 

Deseribe three ways in which ATP is regenerated 
during muscle aetivity. 

As a muscle eontraets, the bonds of ATP molecules 
are hydrolyzed to release the needed energy. 
Smprisingly, muscles store very limited supplies of 


Hetanie eontraetion is normal and desirable and is quite 
different from the pathologieal eondition of tetanus 
(eommonly ealled lockjaw ), which is caused by a toxin 
made by baeteria. Lockjaw causes mriseles to go into 
rmeontrollable spasms, finally earising respiratory arrest. 


ATP—only a few seeonds’ worth, just enough to 
get you going. Because ATP is the only energy 
source that ean be used direetly to power muscle 
aetivity, ATP must be regenerated continuously if 
eontraetion is to continue. 

Working muscles use three pathways for ATP 
regeneration: 

1. Direet phosphorylation of ADP by erea- 
tine phosphate (Figure 6.1 Oa). The unique 
high-energy molecule ereatine phosphate 
(CP) is found in muscle fibers but not other eell 
types. As ATP is being depleted, interaetions be- 
tween CP and ADP result in transfers of a high- 
energy phosphate group from CP to ADP, thus 
regenerating more ATP in a fraetion of a seeond. 
Although muscle eells store perhaps five times 
as much CP as ATP, the CP supplies are also 
soon exhausted (in less than 15 seeonds). 

2. Aerobie respiration (Figure 6.10c). At rest 
and during light to moderate exercise, some 
95 pereent of the ATP used for muscle aetivity 
eomes from aerobie respiration. Aerobie 
respiration occurs in the mitoehondria and 
involves a series of metabolie pathways that 
use oxygen. These pathways are eolleetively 
referred to as oxidativephosphorylation. During 
aerobie respiration, glucose is broken down 
eompletely to earbon dioxide and water, and 
some of the energy released as the bonds are 







194 


Essentials of Hiiman Anatomy and Physiology 


(a) Direet phosphorylation 

Coupled reaetion of ereatine 
phosphate (CP) and ADP 

Energy source: CP 



Oxygen use: None 
Products: 1 ATP per CP, 
ereatine 

Duration of energy provision: 

15 seeonds 


(b) Anaerobie pathway 

Glyeolysis and laetie aeid 

formation 

Energy source: glucose 


Glucose (from 
glyeogen breakdovvn or 
delivered from blood) 

ì 


Glyeolysis 
in eytosol 


2 


atp -yl 

Pvruvu 



net gain 

Released 
to blood 




Pyruvic aeid 

4 I 

Laetie aeid 



Oxygen use: None 
Products: 2 ATP per glucose, 
laetie aeid 

Duration of energy provision: 

40 seeonds, or slightly more 


(e) Aerobie pathway 


Aerobie cellular respiration 


Energy source: glucose; pyruvic 
aeid; free fatty aeids from adipose 
tissue; amino aeids from protein 
eatabolism 



net gain 
per 

glucose 

Oxygen use: Required 
Products: 32 ATP per glucose, 


Glucose (from 
glyeogen breakdovvn or 
delivered from blood) 

ì 


Fatty 
aeids 


Pyrnvie aeid 


Amino 
aeids 


co 2 , h 2 o 

Duration of energy provision: 

Hours 


Figure 6-10 Methods of regenerating ATP during muscle aetivity. The fastest 
meehanism is (a) direet phosphorylation; the slovvest is (e) aerobie respiration. 


broken is captured in the bonds of ATP mole- 
cules. Although aerobie respiration provides a 
rieh ATP harvest (about 32 ATP per 1 glucose), 
it is fairly slow and requires continuous deliv- 
ery of oxygen and nutrient fuels to the muscle 
to keep it going. 

3. Anaerobie glyeolysis and laetie aeid for- 
mation (Figure 6.10b). The initial steps of glu- 
eose breakdown occur via a pathway ealled 
glyeolysis, which does not use oxygen and 
henee is anaerobie (literally a without oxygen”). 
During glyeolysis, which occurs in the eytosol, 
glucose is broken down to pymvie aeid, and 
small amounts of energy are captured in ATP 
bonds (2 ATP per 1 glucose molecule). As 
long as enough oxygen is present, the pymvie 
aeid then enters the oxygen-requiring aerobie 
pathways that occur within the mitoehondria 
to produce more ATP as deseribed above. 


However, when muscle aetivity is intense, or 
oxygen and glucose delivery is temporarily in- 
adequate to meet the needs of the working 
muscles, the sluggish aerobie pathways eannot 
keep up with the demands for ATP. Under 
these eonditions, the pymvie aeid generated 
during glyeolysis is eonverted to laetie aeid, 
and the overall proeess is referred to as 
anaerobie glyeolysis. 

Anaerobie glyeolysis produces only about 
5 pereent as much ATP from eaeh glucose 
molecule as aerobie respiration. However, it is 
some 2k times faster, and it ean provide most 
of the ATP needed for 30 to 40 seeonds of 
strenuous muscle aetivity. The main shorteom- 
ings of anaerobie glyeolysis are that it uses 
huge amounts of glucose for a small ATP har- 
vest, and accumulating laetie aeid promotes 
muscle soreness. 
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DID YOU GET IT 



10. What are the three energy sources for skeletal muscle 
eontraetion? 

11. VVhat is the immediate source of energy for muscle 
eontraetion? 

For answers, see Appendix D. 


Muscle Fatigue and Oxygen Defieit 

Define oxygen defieit and muscle fatigue, and list 

possible causes of muscle fatigue. 

If we exercise our muscles strenuously for a long 
time, muscle fatigue occurs. A muscle is fatigued 
when it is unable to eontraet even though it is still 
being stinmlated. Without rest, a working muscle 
begins to tire and eontraets more weakly until it fi- 
nally eeases reaeting and stops eontraeting. Muscle 
fatigue is believed to result from the oxygen defieit 
that occurs during prolonged muscle aetivity: A per- 
son is not able to take in oxygen fast enough to 
keep the muscles supplied with all the oxygen they 
need when they are working vigorously. Obviously, 
then, the work that a muscle ean do and how long it 
ean work without beeoming fatigued depend on 
how good its blood supply is. When muscles laek 
oxygen, laetie aeid begins to accumulate in the mus- 
ele via the anaerobie pathway deseribed above. In 
addition, the imisele’s ATP supply starts to rnn low 
and ionie imbalanee occurs. Together these faetors 
cause the muscle to eontraet less and less effeetively 
and finally to stop eontraeting altogether. 

Tme muscle fatigue, in which the muscle quits 
entirely, rarely occurs in most of us because we 
feel fatigued long before it happens and we sim- 
ply slow down or stop our aetivity. It does happen 
eommonly in marathon mnners. Many of them 
have literally eollapsed when their muscles be- 
eame fatigued and could no longer work. 

Oxygen defieit, which always occurs to some 
extent during vigorous muscle aetivity, must be 
“paid baek” whether fatigue occurs or not. During 
the reeovery period after aetivity, the individual 
breathes rapidly and deeply. This continues until 
the muscles have reeeived the amount of oxygen 
needed to get rid of the accumulated laetie aeid 
and make ATP and ereatine phosphate reserves. 


Types of Muscle Contractions—isotonie 
and isometrie 

Until now, we have been discussing eontraetion in 
terms of shortening, but imiseles do not always 


shorten when they eontraet. (I ean hear you say- 
ing, a What kind of double-talk is that?”—but pay 
attention.) The event that is eommon to all muscle 
eontraetions is that tension develops in the muscle 
as the aetin and myosin myofilaments interaet and 
the myosin eross bridges attempt to slide the thin 
aetin-eontaining filaments past the thiek myosin 
myofilaments. 

isotonie eontraetions (literally, “same tone” 
or tension) are familiar to most of us. In isotonie 
eontraetions, the myofilaments are successful in 
their sliding movements, the muscle shortens, and 
movement occurs. Bending the knee, rotating the 
arms, and smiling are all examples of isotonie 
eontraetions. 

Contractions in which the muscles do not 
shorten are ealled isometrie eontraetions (liter- 
ally, “same measurement” or length). In isometrie 
eontraetions, the myosin myofilaments are “spin- 
ning their wheels,” and the tension in the muscle 
keeps inereasing. They are trying to slide, but the 
muscle is pitted against some more or less immov- 
able objeet. For example, muscles are eontraeting 
isometrieally when you try to lift a 400-pound 
dresser alone. When you straighten a bent elbow, 
the trieeps muscle is eontraeting isotonieally. But 
when you push against a wall with bent elbows, 
the wall doesn’t move, and the trieeps muscles, 
which eannot shorten to straighten the elbows, are 
eontraeting isometrieally. 

Muscle Tone 

One aspeet of skeletal muscle aetivity eannot be 
consciously eontrolled. Even when a muscle is vol- 
untarily relaxed, some of its fibers are eontraeting— 
first one group and then another. Their eontraetion 
is not visible, but, as a result of it, the muscle re- 
mains firm, healthy, and eonstantly ready for ae- 
tion. This state of continuous partial eontraetions 
is ealled muscle tone. Muscle tone is the result of 
different motor units, which are seattered through 
the muscle, being stimulated by the nervous 
system in a systematie way. 

HOMEOSTATIC IMBALANOE 

If the nerve supply to a muscle is de- 
stroyed (as in an aeeident), the muscle is no 
longer stiimilated in this manner, and it loses tone 
and beeomes paralyzed. Soon after, it beeomes 
flaeeid (flak'sid), or soft and flabby, and begins to 
atrophy (waste away). ) 
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(a) (b) 

Figure 6.11 The effeets of aerobie training 
versus strength training. (a) A marathon runner. 

(b) A vveight lifter. 

Effeet of Exercise on Muscles 

Deseribe the effeets of aerobie and resistanee 

exercise on skeletal muscles and other body organs. 

The amount of work a muscle does is refleeted in 
ehanges in the muscle itself. Muscle inaetivity (due 
to a loss of nerve supply, immobilization, or what- 
ever the cause) always leads to muscle weakness 
and wasting. Muscles are no exception to the say- 
ing “Use it or lose it!” 

Conversely, regular exercise inereases muscle 
size, strength, and endurance. However, not all types 
of exercise produce these effeets—in faet, there are 
important differenees in the benefits of exercise. 

Aerobie, or endurance, types of exercise, 
such as partieipating in an aerobies elass, jogging, 
or biking (Figure 6.11a), result in stronger, more 
flexible muscles with greater resistanee to fatigue. 
These ehanges eome about, at least partly, because 
the blood supply to the muscles inereases, and the 
individual muscle eells form more mitoehondria 
and store more oxygen. However, aerobie exercise 
benefits much more than the skeletal muscles. It 
makes overall body metabolism more effieient, 
improves digestion (and elimination), enhanees 
neuromuscular eoordination, and makes the skele- 
ton stronger. The heart enlarges ( hypertrophies ) so 
that more blood is pumped out with eaeh beat, fat 
deposits are eleared from the blood vessel walls, 
and the lungs beeome more effieient in gas 


exchange. These benefits may be permanent or 
temporary, depending on how often and how vig- 
orously a person exercises. 

Aerobie exercise does not cause the muscles to 
inerease much in size, even though the exercise 
may go on for hours. The bulging muscles of a 
bodybuilder or professional weight lifter result 
mainly from resistanee, or isometrie, exercises 
(Figure ó.llb), which pit the muscles against some 
immovable objeet (or nearly immovable). Resistanee 
exercises require very little time and little or no spe- 
eial equipment. A few minutes every other day is 
usually sufficient. You ean push against a wall, and 
you ean strongly eontraet buttock muscles even 
while standing in line at the groeery store. The key 
is foreing the muscles to eontraet with as much 
foree as possible. The inereased muscle size and 
strength that result are due mainly to enlargement 
of individual muscle eells (they make more eontrae- 
tile filaments) rather than to an inerease in their 
number. The amount of eonneetive tissue that rein- 
forees the imisele also inereases. 

Because endurance and resistanee exercises 
produce different patterns of muscle response, it is 
important to know what your exercise goals are. 
Lifting weights will not improve your endurance 
for a marathon. By the same token, jogging will 
do little to improve your muscle definition for 
eompeting in the Mr. or Ms. Muscle eontest, nor 
will it make you stronger for moving furniture. 
Obviously, the best exercise program for most 
people is one that includes both types of exercise. 

DID YOU GET IT 

12. Gary is trying with all his might to pull a tree stump out 
of the ground. It does not budge. Which type of 
eontraetion are his muscles undergoing? 

13. What is meant by the term oxygen defieif ? 

14. To develop big, beautiful skeletal muscles, should your 
exercise focus be aerobie or resistanee type exercise? 

For answers, see Appendix D. 

Miisele Movements, 

Types, and Names 

Define origin, insertion, prime mover, antagonist, 
synergist, and fixator as they relate to muscles. 

Demonstrate or identify the different types of body 
movements. 
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Table 6.2 

The Five Golden Rules of 


Skeletal Muscle Aetivity 


1. With a few exceptions, all skeletal muscles 
eross at least one joint. 

2. Typieally, the bulk of a skeletal muscle lies 
proximal to the joint erossed. 

3. All skeletal muscles have at least two 
attaehments: the origin and the insertion. 

4. Skeletal muscles ean only pull; they 
never push. 

5. During eontraetion, a skeletal muscle insertion 
moves toward the origin. 


There are five very basie understandings about 
gross muscle aetivity. I eall these the Five Golden 
Rnles of skeletal muscle aetivity because they 
make it easier to understand muscle movements 
and appreeiate muscle interaetions. These golden 
mles are summarized in Table 6.2. 

Types of Body Movements 

Every one of our 600-odd skeletal muscles is 
attaehed to bone, or to other eonneetive tissue 
structures, at no fewer than two points. One of 
these points, the origin, is attaehed to the immov- 
able or less movable bone (Figure 6.12). The 
insertion is attaehed to the movable bone, and 
when the muscle eontraets, the insertion moves to- 
ward the origin. Some muscles have interehange- 
able origins and insertions. For example, the rectus 
femoris muscle of the anterior thigh erosses both 
the hip and knee joints. Its most eommon aetion is 
to extend the knee, in which ease the proximal 
pelvie attaehment is the origin. However, when the 
knee is bent (by other muscles), the rectus femoris 
ean flex the hip, and then its distal attaehment on 
the leg is eonsidered the origin. 

Generally speaking, body movement occurs 
when muscles eontraet aeross joints. The type of 
movement depends on the mobility of the joint 
and on where the muscle is loeated in relation to 
the joint. The most obvious examples of the aetion 
of muscles on bones are the movements that oe- 
cur at the joints of the limbs. However, less freely 
movable bones are also tugged into motion by the 
muscles, such as the vertebrae’s movements when 
the torso is bent to the side. 



The other movement that the bieeps braehii muscle 
(shown in this illustration) ean bring about is to move 
the torso toward the bar when you ehin yourself. Would 
the forearm still be the insertion for that movement? 


Origin 


Braehialis 


Tendon 


eontraeting 


Insertion 




Figure 6.12 Muscle attaehments (origin and 
insertion). When a skeletal muscle eontraets, its 
insertion moves toward its origin. 


Next we deseribe the most eommon types of 
body movements (Figure 6.13). Try to demon- 
strate eaeh movement as you read the following 
deseriptions: 

• Flexion. Flexion is a movement, generally in 
the sagittal plane, that deereases the angle of 
the joint and brings two bones eloser together 
(Figure 6.13a and b). Flexion is typieal of hinge 
joints (bending the knee or elbow), but it is also 
eommon at ball-and-soeket joints (for example, 
bending forward at the hip). 

• Extension. Extension is the opposite of flexion, 
so it is a movement that inereases the angle, or 
the distanee, between two bones or parts of 
the body (straightening the knee or elbow). If 
extension is greater than 180° (as when you 
move your arm posteriorly beyond its normal 
anatomieal position, or tip your head so that 
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(a) Flexion and extension of the shoulder and knee 


Hyperextension 


Extension 


1 r 





Flexion 


. 


(b) Flexion, extension, and hyperextension 



Figure 6.13 Body movements. 


(c) Rotation 










Chapter 6: The Muscular System 


199 




(f) Inversion and eversion 


Supination 
(radius and ulna 
are parallel) 


(d) Abduction, adduction, and circumduction 


Pronation 
(radius rotates 
over ulna) 






(g) Supination (S) and pronation (P) 



(h) Opposition 


(e) Dorsiflexion and plantar flexion 

Figure 6.13 (continued) 
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your ehin points toward the eeiling), it is hy- 
perextension (Figure 6.13a and b). 

• Rotation. Rotation is movement of a bone 
around its longitudinal axis (Figure 6.13c). 
Rotation is a eommon movement of ball-and- 
soeket joints and deseribes the movement of 
the atlas around the dens of the axis (as in 
shaking your head “no”). 

• Abduction. Abduction is moving a limb away 
(generally on the frontal plane) from the mid- 
line, or median plane, of the body (Figure 
6.13d). The terminology also applies to the fan- 
ning movement of the fingers or toes when 
they are spread apart. 

• Adduction. Adduction is the opposite of ab- 
duction, so it is the movement of a limb toward 
the body midline (Figure 6.13d). 

• Circumduction. Circumduction is a eombina- 
tion of flexion, extension, abduction, and ad- 
duction eommonly seen in ball-and-soeket 
joints such as the shoulder. The proximal end 
of the limb is stationary, and its distal end 
moves in a eirele. The limb as a whole outlines 
a eone (Figure 6.13d). 

Speeial Movements 

Certain movements do not fit into any of the pre- 

vious eategories and occur at only a few joints. 

Some of these speeial movements are shown in 

Figure 6.13. 

• Dorsiflexion and plantar flexion. Up and 

down movements of the foot at the ankle are 
given speeial names. Lifting the foot so that its 
superior surface approaehes the shin (standing 
on your heels) is ealled dorsiflexion, whereas 
depressing the foot (pointing the toes) is ealled 
plantar flexion (Figure 6.13e). Dorsiflexion of 
the foot eorresponds to extension of the hand 
at the wrist, whereas plantar flexion of the foot 
eorresponds to flexion of the hand. 

• Inversion and eversion. Inversion and ever- 
sion are also speeial movements of the foot 
(Figure 6.13f). To invert the foot, turn the sole 
medially. To evert the foot, turn the sole laterally. 

• Supination and pronation. The terms 
snpination (soo"pí-na'shun; a turning baek- 
ward”) and pronation (pro-na'shun; U turning 
forward”) refer to movements of the radius 
around the ulna (Figure 6.13g). Supination 


occurs when the forearm rotates laterally so 
that the palm faees anteriorly, and the radius 
and ulna are parallel. Pronation occurs when 
the forearm rotates medially so that the palm 
faees posteriorly. Pronation brings the radius 
aeross the ulna so that the two bones form an 
X. A helpful memory triek: If you lift a cup of 
soup up to your mouth on your palm, you are 
supinating ( a soup”-inating). 

• Opposition. In the palm of the hand, the sad- 
dle joint between metaearpal 1 and the earpals 
allows opposition of the thumb (Figure 6.13h). 
This is the aetion by which you move your 
thumb to touch the tips of the other fingers on 
the same hand. This unique aetion makes the 
human hand a fine tool for grasping and ma- 
nipulating things. 

interaetions of Skeletal Muscles 
in the Body 

Muscles ean’t push—they ean only pull as they 
eontraet—so most often body movements result 
from two or more muscles aeting together or 
against eaeh other. Muscles are arranged in such a 
way that whatever one muscle (or group of mus- 
eles) ean do, other muscles ean reverse. In gen- 
eral, groups of muscles that produce opposite 
movements lie on opposite sides of a joint, as il- 
lustrated in Figure 6.14. Because of this arrange- 
ment, muscles are able to bring about an immense 
variety of movements. 

The muscle that has the major responsibility 
for causing a particular movement is ealled the 
prime mover. (This physiologieal term has been 
borrowed by the business world to label a person 
who gets things done.) Muscles that oppose or re- 
verse a movement are antagonists (an-tag'o- 
nists). When a prime mover is aetive, its antagonist 
is stretehed and relaxed. Antagonists ean be prime 
movers in their own right. For example, the bieeps 
of the arm (prime mover of elbow flexion) is an- 
tagonized by the trieeps (a prime mover of elbow 
extension). 

Synergists (sin'er-jists; syn — together, erg = 
work) help prime movers by producing the same 
movement or by reducing undesirable move- 
ments. When a muscle erosses two or more 
joints, its eontraetion will cause movement in all 
the joints erossed unless synergists are there to 
stabilize them. For example, the finger-flexor 
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(a) A muscle that erosses on the anterior side of a joint produces flexion* 



Example: 
Peetoralis major 
(anterior view) 




(b) A muscle that erosses on the posterior side of a joint produces extension 


Example: 
Latissimus 
dorsi (posterior 
view) 


y 







(e) A muscle that erosses on the lateral side of a joint produces abduction 



Example: 
Medial deltoid 
(anterolateral 
view) 



(d) A muscle that erosses on the medial side of a joint produces adduction 



Figure 6-14 Muscle aetion. The aetion of a muscle ean be inferred by the muscle’s 
position as it erosses a joint. This generally does not apply to the knee and ankle 
because the lower limb is rotated during development. The muscles that eross these 
joints posteriorly produce flexion, and those that eross anteriorly produce extension. 
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muscles eross both the wrist and the finger joints. 
You ean make a fist without bending your wrist 
because synergist muscles stabilize the wrist 
joints and allow the prime mover to aet on the 
finger joints. 

Fixators are speeialized synergists. They hold 
a bone still or stabilize the origin of a prime mover 
so all the tension ean be used to move the inser- 
tion bone. The postural muscles that stabilize the 
vertebral column are fixators, as are the muscles 
that anehor the scapulae to the thorax. 

In summary, although prime movers seem to 
get all the eredit for causing eertain movements, 
the aetions of antagonistie and synergistie muscles 
are also important in producing smooth, eoordi- 
nated, and preeise movements. 


DID YOU GET IT r 

15. What aetion is being performed by a person who 
stieks out his thumb to hiteh a ride? 

16. What aetions take plaee at the neek when you nod 
your head up and down as if saying “yes”? 

17. In what way are fixators and synergist muscles 
important? 

For answers, see Appendix D. 


Naming Skeletal Muscles 

List some eriteria used in naming muscles. 

Like bones, muscles eome in many shapes and 
sizes to suit their particular tasks in the body. 
Muscles are named on the basis of several eriteria, 
eaeh of which focuses on a particular structural or 
functional eharaeteristie. Paying elose attention to 
these cues ean greatly simplify your task of learn- 
ing muscle names and aetions: 

• Direetion of the muscle fìbers. Some mus- 
eles are named in referenee to some imaginary 
line, usually the midline of the body or the 
long axis of a limb bone. When a muscle’s 
name includes the term reetns (straight), its 
fibers mn parallel to that imaginary line. For 
example, the rectus femoris is the straight mus- 
ele of the thigh, or femur. Similarly, the term 
oblique as part of a muscle’s name tells you 
that the muscle fibers mn obliquely (at a slant) 
to the imaginary line. 

• Relative size of the muscle. Such terms as 
maximus (largest), minimus (smallest), and 


longus (long) are often used in the names 
of muscles—for example, the gluteus maximus is 
the largest muscle of the gluteus muscle group. 

• Loeation of the muscle. Some muscles are 
named for the bone with which they are asso- 
eiated. For example, the temporalis and 
frontalis muscles overlie the temporal and 
frontal bones of the skull, respeetively. 

• Number of origins. When the term bieeps, tri- 
eeps, or quadriceps forms part of a muscle 
name, one ean assume that the muscle has two, 
three, or four origins, respeetively. For example, 
the bieeps muscle of the arm has two heads, or 
origins, and the trieeps muscle has three. 

• Loeation of the muscle’s origin and inser- 
tion. Oeeasionally, muscles are named for their 
attaehment sites. For example, the sternoelei- 
domastoid muscle has its origin on the sternum 
(sterno ) and elaviele (eleido) and inserts on the 
mastoid proeess of the temporal bone. 

• Shape of the muscle. Some muscles have a 
distinetive shape that helps to identify them. 
For example, the deltoid muscle is roughly tri- 
angular (deltoid means a triangular”). 

• Aetion of the muscle. When muscles are 
named for their aetions, terms such as flexor, ex- 
tensor, and addnetor appear in their names. For 
example, the adductor muscles of the thigh all 
bring about its adduction, and the extensor mus- 
eles of the wrist all extend the wrist. 

Arrangement of Faseieles 

Skeletal muscles eonsist of faseieles, but faseiele 
arrangements vary, producing muscles with differ- 
ent structures and functional properties. We de- 
seribe the most eommon patterns of faseiele 
arrangement next. 

The pattern is circular when the faseieles are 
arranged in eoneentrie rings (Figure 6.15d). 
Circular muscles are typieally found surrounding 
external body openings which they elose by eon- 
traeting. A general term for such muscles is 
sphineters (“squeezers”). Examples are the orbicu- 

laris muscles surrounding the eyes and mouth. 

In a eonvergent muscle, the faseieles eon- 
verge toward a single insertion tendon. Such a 
muscle is triangular or fan-shaped, such as the 
peetoralis major muscle of the anterior thorax 
(Figure 6.15a). 



Chapter 6: The Muscular System 


203 


Peetoralis major 



(a) Convergent 


Bieeps braehii 



Orbicularis oris 



(d) Circular 



Deltoid 



(e) Multipennate 

Rectus femoris 



(f) Bipennate 

Extensor digitomm longus 



Figure 6.15 


(e) Parallel 

Relationship of faseiele arrangement to muscle structure. 


(g) Llnipennate 


In a parallel arrangement, the length of the 
faseieles mn parallel to the long axis of the mus- 
ele. These muscles are straplike (Figure 6.15c). A 
modifieation of the parallel arrangement, ealled 
fiisiform, results in a spindle-shaped muscle with 
an expanded belly (midseetion), such as the bi- 
eeps braehii muscle of the arm (Figure 6.15b). 

In a pennate (pen'át; “feather”) pattern, short 
faseieles attaeh obliquely to a eentral tendon. In 
the extensor digitomm muscle of the leg, the fas- 
eieles insert into only one side of the tendon and 
the muscle is nnipennate (Figure 6.15g). If the 
faseieles insert into opposite sides of the tendon 


or from several different sides, the muscle is 
bipennate (Figure 6.150 or multipennate (Figure 
6.15e), respeetively. 

A muscle’s faseiele arrangement determines 
its range of motion and power. The longer and 
the more nearly parallel the faseieles are to a 
muscle’s long axis, the more the muscle ean 
shorten, but such muscles are not usually very 
powerful. Muscle power depends more on the 
total number of muscle eells in the muscle. The 
stoeky bipennate and multipennate muscles, 
which paek in the most fibers, shorten very little 
but are very powerful. 














Everyone loves a winner, and top 
athletes are popular and make lots of 
money. It is not surprising that some 
will grasp at anything to inerease 
their performanee—including “juice” 
(anabolie steroids). These hormones, 
variants of testosterone engineered 
by pharmaceutical eompanies, 
were introduced in the 1950s to 
treat vietims of eertain muscle- 
wasting diseases and anemia and 
to prevent muscle atrophy in patients 
immobilized after surgery. 
Testosterone is responsible for the 
inerease in muscle and bone mass 
and other physieal ehanges that 
occur during puberty and eonvert 
boys into men. Convinced that huge 
doses of the anabolie steroids could 
enhanee masculinizing effeets in 
grown men, many athletes were 
using them by the early 1960s, and 
the praetiee is still going strong 
today. In 2004, allegations of 
rampant steroid abuse by Barry 
Bonds of the San Franeiseo Giants 
and by other baseball players 
surfaced. Investigations ofthis 
so-ealled Baleo Seandal have 


stunned fans of major league 
baseball. In Oetober 2007, Marion 
Jones, one of the most eelebrated 
female athletes of all time, admitted 
she was using performanee- 
enhaneing steroids when she 
won five gold medals in the 2000 
Olympies, and in June 2010, Mark 
McGwire, another popular baseball 
star, finally admitted steroid use. 

Steroid use today is not eonfined 
to athletes looking for an edge. 
Indeed, it is estimated that one out 
of every ten young men has tried 
steroids, and the praetiee is growing 
rapidly among young women. 

The use of these drugs has 
been banned by most international 
athletie eompetitions, and users 
(and preseribing physieians or drug 
dealers) are naturally reluctant 
to talk about it. Nonetheless, 
there is little question that many 
professional bodybuilders and 
athletes eompeting in events that 
require great muscle strength (such 
as discus throwing and weight 
lifting) are heavy users. Sports 
figures such as football players 
have also admitted to using steroids 
to help them prepare for games. 
Advantages of anabolie steroids 
eited by athletes include inereased 
muscle mass and strength, 
inereased oxygen-carrying eapaeity 
of the blood (due to greater red 
blood eell volume), and an inerease 
in aggressive behavior (the urge to 
“steamroller the other guy”). 

But do the drugs do all that is 
elaimed for them? Researeh studies 
have reported inereases in isometrie 



One of the available 
androstenedione nutritional 
performanee enhaneers. 

strength and body weight in steroid 
users. Although these are results 
weight lifters dream about, there 
is hot dispute over whether the 
drugs also enhanee the fine muscle 
eoordination and endurance needed 
by mnners and others. 

Do the elaimed slight advantages 
eonferred by steroid use outweigh 
the risks? Absolutely not! Physieians 
say that steroids cause bloated 
faees (a sign of steroid excess), 
shriveled testes, and infertility; 
damage the liver and promote liver 
eaneer; and cause ehanges in 
blood-eholesterol levels (which may 
plaee long-term users at risk for 
eoronary disease). Additionally, 
about one-third of anabolie steroid 
users develop serious psyehiatrie 
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problems. Manie behavior in which 
the users undergo Jekyll-and-Hyde 
personality swings and beeome 
extremely violent (the so-ealled ’roid 
rage) is eommon; so, too, are 
depression and delusions. 

A reeent arrival on the seene, 
sold over the counter as a 
“nutritional performanee enhaneer,” 
is androstenedione, which is 
eonverted to testosterone in the 
body. It is taken orally, and much of 
it is destroyed by the liver soon after 


ingestion, but the few milligrams 
that survive temporarily boost 
testosterone levels. Reports of 
“wannabe” athletes from the fifth 
grade up sweeping the supplement 
off the dmgstore shelves are 
troubling. Androstenedione is not 
regulated by the U.S. Food and 
Drug Administration (FDA), and its 
long-term effeets are unpredictable. 
Ongoing studies have found that 
boys and men who took the 
supplement developed elevated 


levels of the female hormone 
estrogen as well as testosterone 
(raising their risk of feminizing 
effeets such as enlarged breasts), 
early puberty, and stunted bone 
growth leading to shorter than 
normal adult height. 

The question of why athletes use 
these drugs is easy to answer. Some 
say they are willing to do almost 
anything to win, short of killing 
themselves. Are they unwittingly 
doing this as well? 


DID YOU GET IT r 

18. Based on their names, deduce some eharaeteristies 
of the following muscles: tibialis anterior, ereetor 
spinae, rectus abdominis. 

19. What is the faseiele arrangement of the orbicularis oris 
muscle? 


the skin of the faee, they permit us to smile faintly, 
grin widely, frown, pout, deliver a kiss, and so 
forth. The chewing muscles begin to break down 
food for the body. All head and neek muscles we 
deseribe are paired except for the platysma, the 
orbicularis oris, the frontalis, and the oeeipitalis. 


For answers, see Appendix D. 

Gross Anatomy 
of Skeletal Muscles 

Name and loeate the major muscles of the human 
body (on a torso model, muscle ehart, or diagram), 
and state the aetion of eaeh. 

It is beyond the seope of this book to deseribe the 
hundreds of skeletal muscles of the human body. 
We deseribe only the most important muscles 
here. All the superficial muscles we eonsider are 
summarized in Tables 6.3 and 6.4 and illustrated in 
overall body views in Figures 6.22 and 6.23, which 
aeeompany the tables (pp. 216-219). 

Head and Neek Muscles 

The head muscles (Figure 6.16) are an interesting 
group. They have many speeifie functions but are 
usually grouped into two large eategories—faeial 
muscles and chewing imiseles. Faeial muscles are 
unique because they are inserted into soft tissues 
such as other imiseles or skin. When they pull on 


Faeial Muscles 

Frontalis The frontalis, which eovers the frontal 
bone, mns from the eranial aponeurosis to the 
skin of the eyebrows, where it inserts. This muscle 
allows you to raise your eyebrows, as in surprise, 
and to wrinkle your forehead. At the posterior end 
of the eranial aponeurosis is the small oeeipitalis 
muscle, which eovers the posterior aspeet of the 
skull and pulls the sealp posteriorly.* 

0rbicularis 0culi The orbicularis oculi (or-bik"u- 

la'ris ok'u-li) has fibers that mn in eireles around 
the eyes. It allows you to elose your eyes, squint, 
blink, and wink. 

Orbieillaris Oris The orbicularis oris is the circular 
muscle of the lips. Because it eloses the mouth 
and protmdes the lips, it is often ealled the “kiss- 
ing” muscle. 


*Although the current referenees on anatomie terminology 
refer to the frontalis and oeeipitalis as the frontal and 
oeeipital bellies of the epicranius (“over the cranium”) 
muscle, we will continue to use the terms frontalis and 
oeeipitalis here. 
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Frontalis 


Orbicularis 

oculi 


Zygomaticus 
Buccinator — 

Orbicularis — 
oris 


Platysma 



Oranial 

aponeurosis 

Temporalis 

Oeeipitalis 


Masseter 

Sternoeleidomastoid 

Trapezius 


Figure 6.16 Superficial rrmseles of the faee and neek. 


Blieeinator The fleshy buccinator (bu'sí-na"tor) 
muscle mns horizontally aeross the eheek and inserts 
into the orbicularis oris. It flattens the eheek (as in 
whistling or blowing a tmmpet). It is also listed as a 
chewing muscle because it eompresses the eheek to 
hold the food between the teeth during chewing. 

Zygomatieiis The zygomaticus (zi"go-mat'i-kus) 

extends from the eorner of the mouth to the eheek- 
bone. It is often referred to as the “smiling” muscle 
because it raises the eorners of the mouth upward. 

Chewing Muscles 

The buccinator muscle, which is a member of this 
group, is deseribed with the faeial muscles. 

Masseter As it mns from the zygomatie proeess of 
the temporal bone to the mandible, the masseter 
(mà-se'ter) eovers the angle of the lower jaw. This 
muscle eloses the jaw by elevating the mandible. 

Temporalis The temporalis is a fan-shaped mus- 
ele overlying the temporal bone. It inserts into the 
mandible and aets as a synergist of the masseter in 
elosing the jaw. 


Neek Muscles 

For the most part, the neek muscles, which move 
the head and shoulder girdle, are small and strap- 
like. We eonsider only two neek muscles here. 

Platysma The platysma is a single sheetlike mus- 
ele that eovers the anterolateral neek (see Figure 
6.16). It originates from the eonneetive tissue eov- 
ering of the ehest muscles and inserts into the area 
around the mouth. Its aetion is to pull the eorners 
of the mouth inferiorly, producing a downward 
sag of the mouth (the “sad clown” faee). 

Sternoeleidomastoid The paired sternoeleidomas- 

toid (ster"no-kli"do-mas'toid) muscles are two- 
headed muscles, one found on eaeh side of the 
neek. Of the two heads of eaeh muscle, one arises 
from the sternum and the other arises from the 
elaviele (see Figure 6.22, p. 216). The heads 
fuse before inserting into the mastoid proeess of 
the temporal bone. When both sternoeleidomas- 
toid muscles eontraet together, they flex your 
neek. (It is this aetion of bowing the head that has 
led some people to eall these muscles the “prayer” 
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eiaviele 


Deltoid 


Sternum 
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Bieeps 

braehii 


Braeh a s 


Braehio- 
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major 


Rectus 

abdominis 


Transversus 
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Internal 
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External 
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(a) (b) 

Figure 6.17 Muscles of the anterior trunk, shoulder, and arm. (a) Muscles 
erossing the shoulder joint, causing movements of the arm. The platysma of the neek is 
removed. (b) Muscles of the abdominal wall. Portions of the superficial muscles of the 
right side of the abdomen are cut away to reveal the deeper muscles. 


muscles.) If just one muscle eontraets, the head is 
rotated toward the shoulder on the opposite side 
and tilts the head to its own side. 


the abdominal wall, which help to move the verte- 
bral column and, most important, form the muscu- 
lar “natural girdle” of the abdominal body wall. 


^ HOMEOSTATIC IMBALANCE 

In some difficult births, one of the ster- 
noeleidomastoid muscles may be injured and de- 
velop spasms. A baby injured in this way has 
tortieollis (tor"ti-kol'is), or wryneck. ) 

DID YOU GET IT 

20 . VVhieh muscle raises your eyebrow? 

21. VVhieh two muscles are synergists in jaw closure? 

For answers, see Appendix D. 

Trnnk Mijseles 

The tmnk muscles include (1) those that move the 
vertebral column (most of which are posterior anti- 
gravity muscles); (2) anterior thorax muscles, which 
move the ribs, head, and arms; and (3) muscles of 


Anterior Muscles (Figure 6.17) 

Peetoralis Major The peetoralis (pek"to-raTis) 

major is a large fan-shaped muscle eovering the 
upper part of the ehest. Its origin is from the ster- 
num, shoulder girdle, and the first six ribs. It inserts 
on the proximal end of the humerus. This muscle 
forms the anterior wall of the axilla and aets to 
adduct and flex the arm. 

intereostal Mliseles The intereostal muscles are 
deep rmiseles found between the ribs. (Although 
they are not shown in Figure 6.17, which shows 
only superficial muscles, they are illustrated in 
Figure 6.22, p. 216.) The external intereostals are 
important in breathing because they help to raise 
the rib eage when you inhale. The internal inter- 
eostals, which lie deep to the external intereostals, 
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Oeeipital bone 
Stemoeleidomastoid 


Trapezius 


Spine of scapula 
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Quadratus 
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Figiire 6.18 Muscles of the posterior neek, trunk, and arm. (a) Superficial 
muscles. (b) The ereetor spinae muscles (longissimus, ilioeostalis, and spinalis), deep 
muscles of the baek. 


depress the rib eage, which helps to move air out 
of the lungs when you exhale foreibly. 

Muscles of the Abdominal Girdle The anterior ab- 

dominal muscles (rectus abdominis, external and in- 
ternal obliques, and transversus abdominis) form a 
natural “girdle” that reinforees the body tmnk. Taken 
together, they resemble the stmcture of plywood be- 
cause the fibers of eaeh muscle or muscle pair mn in 
a different direetion. Just as plywood is exception- 
ally strong for its thiekness, the abdominal muscles 
form a muscular wall that is well suited for its job of 
eontaining and proteeting the abdominal eontents. 

• Rectus abdominis. The paired straplike rectus 
abdominis muscles are the most superficial 
muscles of the abdomen. They mn from the 
pubis to the rib eage, enelosed in an aponeuro- 
sis. Their main function is to flex the vertebral 
column. They also eompress the abdominal 
eontents during defeeation and ehildbirth and 
are involved in foreed breathing. 

• External oblique. The external oblique mus- 
eles are paired superficial muscles that make up 


the lateral walls of the abdomen. Their fibers 
run downward and medially from the last 
eight ribs and insert into the ilium. Like the 
rectus abdominis, they flex the vertebral eol- 
umn, but they also rotate the trunk and bend 
it laterally. 

• Internal oblique. The internal oblique muscles 
are paired muscles deep to the external obliques. 
Their fibers mn at right angles to those of the ex- 
ternal obliques. They arise from the iliae erest 
and insert into the last three ribs. Their functions 
are the same as those of the external obliques. 

• Transversus abdominis. The transversus ab- 
dominis is the deepest muscle of the abdominal 
wall and has fibers that mn horizontally aeross 
the abdomen. It arises from the lower ribs and 
iliae erest and inserts into the pubis. This mus- 
ele eompresses the abdominal eontents. 

Posterior Muscles (Figure 6.18) 

Trapezilis The trapezius (trah-pe'ze-us) muscles 

are the most superficial muscles of the posterior 
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neek and upper tmnk. When seen together, they 
form a diamond- or kite-shaped muscle mass. 
Their origin is very broad. Eaeh muscle mns from 
the oeeipital bone of the skull down the vertebral 
column to the end of the thoraeie vertebrae. They 
then flare laterally to insert on the scapular spine 
and elaviele. The trapezius muscles extend the 
head (thus they are antagonists of the sternoelei- 
domastoids). They also ean elevate, depress, 
adduct, and stabilize the scapula. 

Latissinilis Dorsi The latissimus (lah-tis' i-mus) 
dorsi muscles are the two large, flat muscles that 
eover the lower baek. They originate on the lower 
spine and ilium and then sweep superiorly to in- 
sert into the proximal end of the humerus. Eaeh 
latissimus dorsi extends and adducts the humerus. 
These are very important muscles when the arm 
must be brought down in a power stroke, as when 
swimming or striking a blow. 

Ereetor Spinae The ereetor spinae (e-rek'tor 
spi'ne) group is the prime mover of baek exten- 
sion. These paired muscles are deep nmseles of 
the baek; they are shown in Figure 6.18b. Eaeh 
ereetor spinae is a eomposite muscle eonsisting of 
three muscle columns (longissimus, ilioeostalis, 
and spinalis) that eolleetively span the entire 
length of the vertebral eolmnn. These muscles not 
only aet as powerful baek extensors (“ereetors”) 
but also provide resistanee that helps eontrol the 
aetion of bending over at the waist. Following in- 
jury to baek structures, these muscles go into 
spasms, a eommon source of lower baek pain. 

Quadratus Lumborum The fleshy quadratus lumbo- 

mm (qwad-ra'tus lum-bor'um) muscles form part of 
the posterior abdominal wall. Aeting separately, 
eaeh muscle of the pair fiexes the spine laterally. 
Aeting together, they extend the lumbar spine. 
These muscles arise from the iliae erests and insert 
into the upper lumbar veitebrae (Figure 6.18b). 

Deltoid The deltoids are fleshy, triangle-shaped 
muscles that form the rounded shape of your 
shoulders (see Figure 6.18a). Because they are so 
bulky, they are a favorite injeetion site (Figure 6.19) 
when relatively small amounts of medieation (less 
than 5 ml) must be given intramuscularly (into mus- 
ele). The origin of eaeh deltoid winds aeross the 
shoulder girdle from the spine of the scapula to 
the elaviele. It inserts into the proximal humems. 
The deltoids are the prime movers of arm abduction. 



Deltoid 

muscle 


Humerus 


Figure 6.19 The fleshy deltoid muscle is a 
favored site for administering intramuscular 
injeetions. 


DID YOU GET IT r 

22 . VVhieh muscle group is the prime mover of baek 
extension? 

23. VVhat structural feature makes the abdominal 
musculature espeeially strong for its thiekness? 

24. VVhieh muscle of the posterior trunk is the synergist of 
the peetoralis major muscle in arm adduction? 

For answers, see Appendix D. 


Muscles of the Upper Limb 

The upper limb muscles fall into three groups. The 
first group includes muscles that arise from the 
shoulder girdle and eross the shoulder joint to in- 
sert into the humerus (see Figures 6.17 and 6.18a). 
We have already eonsidered these muscles, which 
move the arm—they are the peetoralis major, latis- 
simus dorsi, and deltoid. 

The seeond group causes movement at the el- 
bow joint. These muscles enelose the humerus 
and insert on the forearm bones. We deseribe only 
the muscles of this seeond group in this seetion. 

The third group includes the muscles of the 
forearm, which insert on the hand bones and cause 
their movement. The muscles of this last group are 
thin and spindle-shaped, and there are many of 
them. We will not eonsider them here except to 
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mention their general naming and function. As a 
mle, the forearm muscles have names that refleet 
their aetivities. For example, the flexor earpi and 
flexor digitomm muscles, found on the anterior as- 
peet of the forearm, cause flexion of the wrist and 
fingers, respeetively. The extensor earpi and exten- 
sor digitomm muscles, found on the lateral and 
posterior aspeet of the forearm, extend the same 
stmctures. (Some of these muscles are deseribed 
briefly in Table 6.4 and illustrated in Figure 6.23.) 

Muscles of the Humerus 
That Aet on the Forearm 

All anterior arm muscles cause elbow flexion. In 
order of deereasing strength these are the bra- 
ehialis, bieeps braehii, and braehioradialis (Figures 
6.17a and 6.22). 

Bieeps Braehii The bieeps braehii (bra'ke-i) is the 
most familiar muscle of the arm because it bulges 
when the elbow is flexed (see Figure 6.17a). It 
originates by two heads from the shoulder girdle 
and inserts into the radial tuberosity. This muscle 
is the powerful prime mover for flexion of the 
forearm and aets to supinate the forearm. The best 
way to remember its aetion is to think of opening 
a bottle of wine. The bieeps supinates the forearm 
to turn the corkscrew and then flexes the elbow 
to pull the eork. 

Braehialis The braehialis lies deep to the bieeps 
muscle and is as important as the bieeps in elbow 
flexion. The braehialis lifts the ulna as the bieeps 
lifts the radius. 

Braehioradialis The braehioradialis is a fairly 
weak muscle that arises on the humerus and 
inserts into the distal forearm (see Figure 6.22, 
p. 216). Henee, it resides mainly in the forearm. 

Trieeps Braehii The trieeps braehii is the only 

muscle fleshing out the posterior humerus (see 
Figure 6.18a). Its three heads arise from the shoul- 
der girdle and proximal humerus, and it inserts 
into the oleeranon proeess of the ulna. Being the 
powerful prime mover of elbow extension, it is 
the antagonist of the bieeps braehii. This muscle is 
often ealled the “boxer’s” muscle because it ean 
deliver a straight-arm knockout punch. 

Muscles of the Lower Limb 

Muscles that aet on the lower limb cause move- 
ment at the hip, knee, and foot joints. They are 


among the largest, strongest muscles in the 
body and are speeialized for walking and bal- 
aneing the body. Because the pelvie girdle is 
eomposed of heavy, fused bones that allow little 
movement, no speeial group of muscles is 
neeessary to stabilize it. This is very different from 
the shoulder girdle, which requires several fixa- 
tor muscles. 

Many muscles of the lower limb span two 
joints and ean cause movement at both of them. 
Therefore, the terms origin and insertion are often 
interehangeable in referring to these imiseles. 

Muscles aeting on the thigh are massive mus- 
eles that help hold the body upright against the 
pull of gravity and cause various movements at 
the hip joint. Muscles aeting on the leg form the 
flesh of the thigh. (Reeall that in eommon usage 
the term leg refers to the whole lower limb, but 
anatomieally the term refers only to that part 
between the knee and the ankle.) The thigh mus- 
eles eross the knee and cause its flexion or exten- 
sion. Because many of the thigh imiseles also have 
attaehments on the pelvie girdle, they ean cause 
movement at the hip joint as well. 

Muscles originating on the leg cause assorted 
movements of the ankle and foot. We will eon- 
sider only three imiseles of this group, but there 
are many others that aet to extend and flex the an- 
kle and toe joints. 

Muscles Causing Movement 
at the Hip Joint (Figure 6.20) 

Gluteus Maximus The gluteus maximus (gloo'te-us 
max'í-mus) is a superficial muscle of the hip that 
forms most of the flesh of the buttock (Figure 
6.20a). It is a powerful hip extensor that aets to 
bring the thigh in a straight line with the pelvis. 
Although it is not very important in walking, it is 
probably the most important muscle for extending 
the hip when power is needed, as when elimbing 
stairs and when jumping. It originates from the 
saemm and iliae bones and inserts on the gluteal 
tuberosity of the femur and into the large tendinous 
iliotibial traet. 

Gluteus MedÌUS The gluteus medius runs from 
the ilium to the femur, beneath the gluteus max- 
imus for most of its length. The gluteus medius 
is a hip abductor and is important in steadying 
the pelvis during walking. The gluteus medius is an 
important site for giving intramuscular injeetions, 
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Figure 6.20 Pelvie, hip, and thigh muscles of the right side of the body. 

(a) Posterior view of hip and thigh muscles. (b) Diagram showing deep structures 
of the gluteal region and the proper site for administering an injeetion into the gluteus 
medius muscle. 


particularly when more than 5 ml is administered 
(see Figure 6.20b). Although it might appear that 
the large, fleshy gluteus maximus that forms the 
bulk of the buttock mass would be a better 
ehoiee, notiee that the medial part of eaeh but- 
toek overlies the large seiatie nerve; henee this 
area must be carefully avoided. This ean be ae- 
eomplished by mentally dividing the buttock 
into four equal quadrants (shown by the division 
lines on Figure 6.20b). The superolateral quad- 
rant then overlies the gluteus medius muscle, 


which is usually a very safe site for an intramus- 
cular injeetion. 

Iliopsoas The iliopsoas (il"e-o-so'as; the p is 
silent) is a fused muscle eomposed of two mus- 
eles, the iliacus and the psoas major (Figure 
6.20c). It runs from the iliae bone and lower ver- 
tebrae deep inside the pelvis to insert on the 
lesser troehanter of the femur. It is a prime 
mover of hip flexion. It also aets to keep the 
upper body from falling backward when we are 
standing ereet. 
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Figure 6-20 (continued) Pelvie, hip, and thigh miiseles of the right side of the 
body. (e) Anterior view of pelvie and thigh muscles. (d) Diagram showing the proper site 
for administration of an injeetion into the lateral thigh (vastus lateralis muscle). 
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Addlietor Mliseles The muscles of the adductor 
group form the muscle mass at the medial side 
of eaeh thigh (Figure 6.20c). As their name indi- 
eates, they adduct, or press, the thighs together. 
However, because gravity does most of the work 
for them, they tend to beeome flabby very easily. 
Speeial exercises are usually needed to keep them 
toned. The adductors have their origin on the pelvis 
and insert on the proximal aspeet of the femur. 

Muscles Causing Movement 
at the Knee Joint (Figure 6.20) 

Hamstring Group The muscles forming the muscle 
mass of the posterior thigh are the hamstrings 
(Figure 6.20a). The group eonsists of three mus- 
eles, the bieeps femoris, semimembranosus, 
and semitendinosus, which originate on the isehial 
tuberosity and mn down the thigh to insert on 
both sides of the proximal tibia. They are prime 
movers of thigh extension and knee flexion. Their 
name eomes from the faet that butchers use their 
tendons to hang hams (eonsisting of thigh and hip 
muscles) for smoking. These tendons ean be felt at 
the baek of the knee. 

Sartorilis eompared with other thigh muscles 
deseribed here, the thin, straplike sartorius (sar- 
to're-us) muscle is not too important. However, it 
is the most superficial muscle of the thigh and so 
is rather hard to miss (Figure 6.20c). It mns 
obliquely aeross the thigh from the anterior iliae 
erest to the medial side of the tibia. It is a weak 
thigh flexor. The sartorius is eommonly referred to 
as the “tailor’s” muscle because it aets as a syner- 
gist to bring about the eross-legged position in 
which old-time tailors are often shown. 

Quadriceps Groiip The quadriceps (kwod'rf-seps) 

group eonsists of four nmseles—the rectus 
femoris and three vastus muscles —that flesh 
out the anterior thigh. (Only two vastus muscles 
are visible in Figure 6.20c. The third, the vastus 
intermedius, is obscured by the rectus femoris 
muscle, which lies over it.) The vastus muscles 
originate from the femur; the rectus femoris origi- 
nates on the pelvis. All four muscles insert into the 
tibial tuberosity via the patellar ligament. The 
group as a whole aets to extend the knee power- 
fully, as when kieking a football. Because the ree- 
tus femoris erosses two joints, the hip and the 
knee, it ean also help to flex the hip. The vastus 


lateralis and rectus femoris are sometimes used as 
intramuscular injeetion sites (Figure 6.20d), partie- 
ularly in infants, who have poorly developed glu- 
teus muscles. 

Muscles Causing Movement at the Ankle 
and Foot (Figure 6.21) 

Tibialis Anterior The tibialis anterior is a superfi- 
eial muscle on the anterior leg. It arises from the 
upper tibia and then parallels the anterior erest 
as it runs to the tarsal bones, where it inserts 
by a long tendon. It aets to dorsiflex and invert 
the foot. 

Extensor Digitomm Longus Lateral to the tibialis 

anterior, the extensor digitomm longus muscle 
arises from the lateral tibial eondyle and proximal 
three-quarters of the fibula and inserts into the 
phalanges of toes 2 to 5. It is a prime mover of toe 
extension. 

Fiblllaris Mliseles The three fibularis muscles— 
longus, brevis, and tertius —are found on the 
lateral part of the leg. They arise from the fibula 
and insert into the metatarsal bones of the foot. 
The group as a whole plantar flexes and everts 
the foot. 

GastroenemillS The gastrocnemius (gas"trok-ne'- 
me-us) muscle is a two-bellied muscle that forms 
the curved ealf of the posterior leg. It arises by 
two heads, one from eaeh side of the distal fe- 
mur, and inserts through the large ealeaneal 
(Aehilles) tendon into the heel of the foot. It is a 
prime mover for plantar flexion of the foot; for 
this reason it is often ealled the u toe daneer’s” 
muscle. If its insertion tendon is cut, walking is 
very difficult. The foot drags because the heel 
eannot be lifted. 

SoleilS Deep to the gastrocnemius is the fleshy 
soleus muscle. Because it arises on the tibia and 
fibula (rather than the femur), it does not affeet 
knee movement, but like the gastrocnemius, it in- 
serts into the ealeaneal tendon and is a strong 
plantar flexor of the foot. 

Remember that most of the superficial mus- 
eles previously deseribed are shown in anterior 
and posterior views of the body as a whole in 
Figiires 6.22 and 6.23 and are summarized in 
Tables 6.3 and 6.4 (pp. 216-219). Take the time 
to review these muscles again before continuing 
with this ehapter. 
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(a) 

Figure 6.21 Superficial muscles of the right leg. (a) Anterior vievv. 
(b) Posterior view. 


(b) 


DID YOU GET IT r 

25. VVhieh muscle is the antagonist of the bieeps braehii 
when the bieeps flexes the elbow? 

26. VVhieh muscle group is the antagonist of the 
hamstring muscles? 

27. VVhat are two good sites for intramuscular injeetions in 
adults? 

28. VVhieh two muscles insert into the ealeaneal tendon? 
VVhat movement do they effeet? 

For ansvvers, see Appendix D. 


Developmental Aspeets 
of the Muscular System 

Explain the importanee of a nerve supply and exercise 
in keeping muscles healthy. 

Deseribe the ehanges that occur in aging muscles. 

In the developing embryo, the muscular system is 
laid down in segments (much like the stmctural 
plan of an earthworm), and then eaeh segment is 
invaded by nerves. The muscles of the thoraeie and 
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liimbar regions beeome very extensive because 
they must eover and move the bones of the limbs. 
The muscles and their eontrol by the nervous 
system develop rather early in pregnaney. The ex- 
peetant mother is often astonished by the first move- 
ments (ealled the quickening ) of the fetus, which 
usually occur by the sixteenth week of pregnaney. 

HOMEOSTATIC IMBALANCE 

Very few eongenital muscular prob- 
lems occur. The exception to this is muscular 
dystrophy —a group of inherited muscle- 
destroying diseases that affeet speeifie muscle 
groups. The muscles enlarge due to fat and eon- 
neetive tissue deposit, but the muscle fibers de- 
generate and atrophy. 

The most eommon and serious form is 
Duchenne’s muscular dystrophy, which is ex- 
pressed almost exclusively in boys. This tragie dis- 
ease is usually diagnosed between the ages of 2 and 
7 years. Aetive, normal-appearing ehildren beeome 
clumsy and fall frequently as their muscles weaken. 
The disease progresses from the extremities up- 
ward, finally affeeting the head and ehest muscles. 
Children with this disease rarely live beyond their 
early twenties and generally die of respiratory fail- 
ure. Although the cause of muscular dystrophy has 
been pinned down—the diseased muscle fibers laek 
a protein (ealled dystrophin) that helps maintain the 
sareolemma—a cure is still elusive. ) 

Initially after birth, a baby’s movements are all 
gross reflex types of movements. Because the 
nervous system must mature before the baby ean 
eontrol muscles, we ean traee the inereasing effi- 
eieney of the nervous system by observing a baby’s 
development of muscle eontrol. This development 
proeeeds in a cephalic/caudal direetion, and gross 
muscular movements preeede fine ones. Babies 
ean raise their heads before they ean sit up and 
ean sit up before they ean walk. Muscular eontrol 
also proeeeds in a proximal/distal direetion; that is, 
babies ean perform the gross movements like wav- 
ing “bye-bye” and pulling objeets to themselves 
before they ean use the pineer grasp to piek up a 
pin. All through ehildhood, the nervous system’s 
eontrol of the skeletal muscles beeomes more and 
more preeise. By midadoleseenee, we have 
reaehed the peak level of development of this nat- 
ural eontrol and ean simply aeeept it or bring it to a 
fine edge by athletie training. 



Because of its rieh blood supply, skeletal mus- 
ele is amazingly resistant to infeetion throughout 
life, and given good nutrition, relatively few prob- 
lems affliet skeletal muscles. We repeat, however, 
that muscles, like bones, will atrophy, even with 
normal tone, if they are not used continually. A 
lifelong program of regular exercise keeps the 
whole body operating at its best possible level. 

HOMEOSTATie IMBALANOE 

One rare disease that ean affeet mus- 
eles during adulthood is myasthenia gravis 
(mi"as-the'ne-ah gra'vis; asthen = weakness; 
gravi = heavy), a disease eharaeterized by droop- 
ing of the upper eyelids, difficulty in swallowing 
and talking, and generalized muscle weakness and 
fatigability. The disease involves a shortage of 
aeetyleholine reeeptors at neuromuscular junc- 
tions. The blood of many of these patients eon- 
tains antibodies to aeetyleholine reeeptors, which 
suggests that myasthenia gravis is an autoimmune 
disease. Although the reeeptors may initially be 
present in normal numbers, they appear to be de- 
stroyed as the disease progresses. Whatever the 
ease, the muscle eells are not stimulated properly 
and get progressively weaker. Death usually oe- 
curs as a result of the inability of the respiratory 
muscles to function (respiratory failure). ) 

As we age, the amount of eonneetive tissue in 
the muscles inereases, and the amount of muscle 
tissue deereases; thus the muscles beeome 
stringier, or more sinewy. Because the skeletal 
muscles represent so much of the body mass, body 
weight begins to deeline in the older person as this 
natural loss in muscle mass occurs. Another result 
of the loss in muscle mass is a deerease in muscle 
strength; strength deereases by about 50 pereent 
by the age of 80. Regular exercise ean help offset 
the effeets of aging on the muscular system, and 
frail older people who begin to “pump iron” (use 
leg and hand weights) ean rebuild muscle mass 
and dramatieally inerease their strength. 



DID YOU GET IT 



29. VVhat must happen before babies ean eontrol their 
muscles? 

30. How does lifelong exercise affeet our skeletal muscles 
and muscle mass in old age? 

For answers, see Appendix D. 
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Figure 6.22 Major superficial 
muscles of the anterior surface 
of the body. 










































Table 6.3 


Siiperfieial Anterior Muscles of the Body (See Figiire 6.22) 


Name 

Origin 

Insertion 

Primary aetion(s) 

Head/Neek Muscles 

Frontalis 

Oranial aponeurosis 

Skin of eyebrows 

Raises eyebrows 

Orbicularis oculi 

Frontal bone and maxilla 

Tissue around eyes 

Blinks and eloses eye 

Orbicularis oris 

Mandible and maxilla 

Skin and muscle around 
mouth 

Oloses and protmdes lips 

Temporalis 

Temporal bone 

Mandible 

Oloses jaw 

Zygomaticus 

Zygomatie bone 

Skin and muscle at 
eorner of lips 

Raises eorner of mouth 

Masseter 

Temporal bone 

Mandible 

Oloses jaw 

Buccinator 

Maxilla and mandible 

near molars 

Orbicularis oris 

Oompresses eheek (as in 
sucking), holds food 
between teeth during 
chewing 

Sternoeleidomastoid 

Sternum and elaviele 

Temporal bone 
(mastoid proeess) 

Flexes neek; laterally 
rotates head 

Platysma 

Oonneetive tissue eovering 
of superior ehest muscles 

Tissue around mouth 

Tenses skin of neek (as in 
shaving) 

Trnnk Muscles 

Peetoralis major 

Sternum, elaviele, and 
first to sixth ribs 

Proximal humerus 

Adducts and flexes 

humerus 

Rectus abdominis 

Pubis 

Sternum and fifth to 
seventh ribs 

Flexes vertebral column 

External oblique 

Lower eight ribs 

lliae erest 

Flexes and rotates 
vertebral column 

Arm/Shoulder Muscles 

Bieeps braehii 

Scapula of shoulder girdle 

Proximal radius 

Flexes elbow and 
supinates forearm 

Braehialis 

Distal humerus 

Proximal ulna 

Flexes elbow 

Deltoid 

See Table 6.4 


Abducts arm 

Hip/Thigh/Leg Muscies 

lliopsoas 

llium and lumbar vertebrae 

Femur (lesser troehanter) 

Flexes hip 

Adductor muscles 

Pelvis 

Proximal femur 

Adduct and medially 
rotate thigh 

Sartorius 

llium 

Proximal tibia 

Flexes thigh on hip 

Quadriceps group 

Vasti: Femur 

Tibial tuberosity via 

All extend knee; rectus 

(vastus medialis, inter- 
medius, and lateralis; 


patellar ligament 

femoris also flexes hip 
on thigh 

and the rectus femoris) 

Rectus femoris: Pelvis 

Tibial tuberosity via 
patellar ligament 


Tibialis anterior 

Proximal tibia 

First cuneiform (tarsal) and 
first metatarsal of foot 

Dorsiflexes and inverts 
foot 

Extensor digitomm 

Proximal tibia and radius 

Distal toes 2-5 

Extends toes 

longus 

Fibularis muscles 

Fibula 

Metatarsals of foot 

Plantar flex and evert foot 
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Figure 6.23 Major superficial 
muscles of the posterior surface 
of the body. 
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Table 6.4 Superficial Posterior Muscles of the Body (Some Forearm Muscles 

Also Shown) (See Figure 6.23) 

Name 

Origin 

Insertion 

Primary aetion(s) 

Neck/Trunk/Shoulder Muscles 



Trapezius 

Oeeipital bone and all 
eervieal and thoraeie 

vertebrae 

Scapular spine and 
elaviele 

Raises, retraets, and 
rotates scapula 

Latissimus dorsi 

Lower spine and iliae erest 

Proximal humerus 

Extends and adducts 

humerus 

Ereetor spinae* 

lliae erests, ribs 3-12, 
and vertebrae 

Ribs, thoraeie and 
eervieal vertebrae 

Extends and laterally 
flexes spine 

Quadratus lumborum* 

lliae erest, lumbar faseia 

Transverse proeesses 
of upper lumbar vertebrae 

Flexes spine laterally; 
extends spine 

Deltoid 

Scapular spine and elaviele 

Humerus (deltoid 
tuberosity) 

Abducts humerus 

Arm/Forearm Muscles 




Trieeps braehii 

Shoulder girdle and 
proximal humerus 

Oleeranon proeess 
of ulna 

Extends elbow 

Flexor earpi radialis 

Distal humerus 

Seeond and third 
metaearpals 

Flexes wrist and abducts 
hand (see Figure 6.22) 

Flexor earpi ulnaris 

Distal humerus and 
posterior ulna 

Carpals of wrist and fifth 
metaearpal 

Flexes wrist and adducts 

hand 

Flexor digitomm 
snperfieialis 1 

Distal humerus, ulna 
and radius 

Middle phalanges of 
seeond to fifth fingers 

Flexes wrist and fingers 

Extensor earpi 
radialis 

Humerus 

Base of seeond and 
third metaearpals 

Extends wrist and abducts 

hand 

Extensor digitomm 

Distal humerus 

Distal phalanges of 
seeond to fifth fingers 

Extends fingers 

Hip/Thigh/Leg Muscies 




Gluteus maximus 

Saemm and ilium 

Proximal femur 
(gluteal tuberosity) 

Extends hip (when forceful 
extension is required) 

Gluteus medius 

llium 

Proximal femur 

Abducts thigh; steadies 
pelvis during walking 

Hamstring muscles 
(semitendinosus, 
semimembranosus, 
bieeps femoris) 

isehial tuberosity 

Proximal tibia (head of 
fibula in the ease of 
bieeps femoris) 

Flex knee and extend hip 

Gastrocnemius 

Distal femur 

Calcaneus (heel via 
ealeaneal tendon) 

Plantar flexes foot and 
flexes knee 

Soleus 

Proximal tibia and fibula 

Calcaneus 

Plantar flexes foot 


*Erector spinae and quadratus lumborum are deep muscles and not shovvn in Figure 6.23; see Figure 6.18b. 

^AIthoijgh its name indieates that it is a superficial muscle, the flexor digitomm superficialis lies deep to the flexor earpi radialis and is not 
visible in a superficial vievv. 







Foais on 


Massage 


To be effeetive, a massage therapist 
needs a thorough understanding of 
anatomy and physiology. 

Many of us think of massage 
simply as something that feels 
good. Although this is eertainly 
true, there’s a lot of skill involved 
in massaging the body eorreetly. 

Diana Syvemd, part-owner of the 
Berkeley Massage and Self-Healing 
Center in Berkeley, California, doesn’t 
just make her elients feel good; she 
helps them reeover from injuries and 
prevent further problems. Many of 
them suffer from pain due to ovemsing 
eertain muscles. “Most often, I see 
people who spend hours at the 
computer,” she explains. “This ean 
lead to trouble with the flexor earpi 
ulnaris, and muscles in the neek and 
baek. I also treat musicians who are 
sore from spending hours playing the 
violin and waitresses who have painful 
wrists from earrying heavy trays.” 

“When I was studying anatomy 
and physiology, sometimes 
wondered why I had to learn all that 
information” she admits. “But today, 
’m glad I did. I need to know where 
muscles are loeated in the body and 
where they attaeh. For instanee, a 
muscle may eontraet and pineh the 
seiatie nerve, causing excruciating 
pain. I eheek to determine which 
muscle is eontraeted and use various 
massage techniques to release it. 
also help elients who have no speeifie 
muscular problems streteh and 
strengthen their muscles, inereasing 
their range of motion.” She notes that 



Anatomy and 
physiology are 
faseinating 
learning how your 

body works. 


“It’s important to know the areas of 
the body where massage is 


eontraindieated, such as in the area 
of the esophagus or hyoid bone.” 

“Anatomy and physiology elasses 
are faseinating because you’re really 
learning how your own body works,” 
she eomments. “This knowledge is 
valuable, for your elients’ sake and 
for your own welfare.” 

Syvemd’s favorite aspeet of her 
work is the one-on-one eontaet. 
“Typieally I meet with a elient for at 
least an hour at a time, often over a 
period of several months,” she says. 
“Many initially eome for a speeifie 
reason, then stay with me for years, 
long after we’ve resolved their 
original problem. We might meet 
weekly while they’re in pain, then 
switch to monthly appointments to 
help prevent future problems.” Some 
customers are referred to her by 
ehiropraetors, but most eome on 
their own. If she feels their problems 
require more than massage, she 
refers them to appropriate healtheare 
praetitioners such as ehiropraetors, 
psyehiatrists, or internists. 

Training for massage therapists 
varies widely. State requirements for 
training vary from 200 to 500 hours 
or more, and lieensing and 


aeereditation procedures vary from 
state to state. Regardless of their 
length, all effeetive massage 
programs require an understanding 
of anatomy and physiology; Syvemd 
estimates it made up more than 
one-third of her course work. 

Syverud is in private praetiee, but 
many massage therapists work in 
spas, health clubs, or ehiropraetie 
offiees. Often employers prefer to 
hire graduates of programs 
aeeredited by the Ameriean Massage 
Therapy Assoeiation (AMTA). For 
more information eontaet 


AMTA 

500 Davis Street, Suite 900 
Evanston, IL 60201 
(847) 864-0123 
http://www.amtamassage.org 


For additional information on this eareer, 
eliek the Focus on Careers link at 

www.anatomyandphysiology.com. 
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Homeostatie Relationships between the 
Muscular System and Other Body Systems 


Endoerine System 


Growth hormone and androgens 
influence skeletal muscle strength 
and mass 


Lymphatie System/lmmunity 


Physieal exercise may enhanee 
or depress imrrmnity depending 
on its intensity 

Lymphatie vessels drain leaked 
tissue fluids; immune system 
proteets muscles from disease 


Digestive System 


Physieal aetivity inereases 
gastrointestinal mobility 
when at rest 
Digestive system 
provides nutrients 
needed for muscle 
health; liver metabolizes 
laetie aeid 


Llrinary System 


Physieal aetivity promotes normal 
voiding behavior; skeletal muscle 
forms the voluntary sphineter of 
the urethra 

Llrinary system disposes of 
nitrogen-eontaining wastes 


Muscular System 



Nervous System 


Faeial muscle aetivity allows 
emotions to be expressed 
Nervous system stimulates and 
regulates muscle aetivity 


Respiratory System 


Muscular exercise inereases 
respiratory eapaeity 
Respiratory system provides 
oxygen and disposes of earbon 
dioxide 


Cardiovascular System 


Skeletal muscle aetivity inereases 
effieieney of cardiovascular 
functioning; helps prevent 
atheroselerosis and causes 
eardiae hypertrophy 
Cardiovascular system delivers 
oxygen and nutrients to muscles; 
earries away wastes 


Reproductive System 


Skeletal muscle helps support 
pelvie organs (e.g., uterus in 
females); assists ereetion of 
penis and elitoris 
Testicular androgen promotes 
inereased skeletal muscle size 


lntegumentary System 


Muscular exercise enhanees 
circulation to skin and improves 
skin health; exercise also 
inereases body heat, which the 
skin helps dissipate 
Skin proteets the muscles by 
external enclosure 


Skeletal System 


Skeletal muscle aetivity maintains 
bone health and strength 
Bones provide levers for 
muscle aetivity 
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Sinnmary 

Aeeess more review material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included below. 

iP = interaetive Physiology 

Overview of Muscle Tissues (pp. 181-185) 

1. Skeletal muscle forms the rmiseles attaehed to the 
skeleton, which move the limbs and other body 
parts. Its eells are long, striated and multinucle- 
ate, and they are subject to voluntary eontrol. 
Connective tissue eoverings (endomysium, per- 
imysium, and epimysmm) enelose and proteet the 
muscle fibers and inerease the strength of skeletal 
muscles. Skeletal muscles make up the muscular 
system. 

2. Smooth muscle eells are uninucleate, spindle-shaped, 
and arranged in opposing layers in the walls of hol- 
low organs. When they eontraet, substances (food, 
urine, a baby) are moved along internal pathways. 
Smooth muscle eontrol is involuntary. 

3. Cardiac muscle eells are striated, branehing eells that 
fit elosely together and are arranged in spiral bun- 
dles in the heart. Their eontraetion pumps blood 
through the blood vessels. Control is involuntary. 

4. The sole frmetion of muscle tissue is to eontraet or 
shorten. As it eontraets, it causes movement, main- 
tains posture, stabilizes joints, and generates heat. 

Mieroseopie Anatomy 
of Skeletal Muscle (pp. 185-187) 

1. The multinucleate eylindrieal skeletal muscle fibers 
are paeked with unique organelles ealled myofibrils. 
The banding pattern (striations) of the myofibrils 
and the eell as a whole refleets the regular 
arrangement of thin (aetin-eontaining) and thiek 
(myosin) filaments within the sareomeres, the eon- 
traetile units eomposing the myofibrils. 

ÌP Muscular System Topie: Anatomy Review: 

Skeletal Muscle Tissue, pp. 7-9. 

2. Eaeh myofibril is loosely enelosed by a speeialized 
ER, ealled the sareoplasmie reticulum (SR), which 
plays an important role in storing and releasing 
calcium ions. Calcium ions are the final trigger for 
muscle fiber eontraetion. 


Skeletal Muscle Aetivity (pp. 187-196) 

1. All skeletal muscle eells are stimulated by motor neu- 
rons. When the neuron releases a neurotransmitter 
(aeetyleholine), the permeability of the sareolemma 
ehanges, allowing sodium ions to enter the muscle 
eell. This produces an eleetrieal current (aetion po- 
tential), which flows aeross the entire sareolemma, 
resulting in release of ealekim ions from the SR. 

ÌP Muscular System Topie: The Neuromuscular 
Junction, pp. 3-6. 

2. Calcium binds to regulatory proteins on the thin 
filaments and exposes myosin-binding sites, allow- 
ing the myosin heads on the thiek filaments to 
attaeh. The attaehed heads pivot, sliding the thin 
filaments toward the eenter of the sareomere, and 
eontraetion occurs. ATP provides the energy for 
the sliding proeess, which eontimies as long as 
ionie ealekim is present. 

ÌP Muscular System Topie: Sliding Filament 
Theory, pp. 3-28. 

3. Although individual muscle eells eontraet eom- 
pletely when adequately stimulated, a imisele (an 
organ) responds to stiimili to different degrees, 
that is, it exhibits graded responses. 

4. Most skeletal muscle eontraetions are tetanie (smooth 
and sustained) because rapid nerve impulses are 
reaehing the muscle, and the imisele eannot relax 
eompletely between eontraetions. The strength of 
imisele eontraetion refleets the relative number of 
imisele eells eontraeting (more = stronger). 

3. ATP, the immediate source of energy for imisele 
eontraetion, is stored in imisele fibers in small 
amounts that are quickly used up. ATP is regener- 
ated via three routes. From the fastest to the slow- 
est, these are via a coupled reaetion of ereatine 
phosphate with ADP, via anaerobie glyeolysis and 
laetie aeid formation, and via aerobie respiration. 
Only aerobie respiration requires oxygen. 

ÌP Muscular System Topie: Muscle Metabolism, 

pp. 6-13. 

6. If rmisele aetivity is strenuous and prolonged, mus- 
ele fatigue occurs because laetie aeid accumulates in 
the rmisele and the energy (ATP) supply deereases. 
After exercise, the oxygen defieit is repaid by rapid, 
deep breathing. 

7. Muscle eontraetions are isotonie (the rmisele short- 
ens, and movement occurs) or isometrie (the imis- 
ele does not shorten, but its tension inereases). 
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8. Muscle tone keeps muscles healthy and ready to 
reaet. It is a result of a staggered series of nerve 
impulses delivered to different eells within the 
muscle. If the nerve supply is destroyed, the mus- 
ele loses tone, beeomes paralyzed, and atrophies. 

9. Inaetive muscles atrophy. Muscles ehallenged al- 
most beyond their ability by resistanee exercise 
will inerease in size and strength. Muscles sub- 
jeeted to regular aerobie exercise beeome more ef- 
fieient and stronger and ean work longer without 
tiring. Aerobie exercise also benefits other body 
organ systems. 

Muscle Movements, Types, and Names 

(pp. 196-205) 

1. All muscles are attaehed to bones at two points. 
The origin is the immovable attaehment; the inser- 
tion is the movable bony attaehment. When 
eontraetion occurs, the insertion moves toward 
the origin. 

2. Body movements include flexion, extension, 
abduction, adduction, circumduction, rotation, 
pronation, supination, inversion, eversion, dorsi- 
flexion, plantar flexion, and opposition. 

3. On the basis of their general functions in the body, 
muscles are elassified as prime movers, antago- 
nists, synergists, and fixators. 

4. Muscles are named aeeording to several eriteria, 
including muscle size, shape, number and loeation 
of origins, assoeiated bones, and aetion of the 
muscle. 

3. Muscles have several faseiele arrangements that in- 
fluence their foree and degree of shortening. 

Gross Anatomy of Skeletal Muscles 

(pp. 205-214) 

1. Muscles of the head fall into two groups. The 
muscles of faeial expression include the frontalis, 
orbicularis oris and oculi, and zygomaticus. The 
chewing muscles are the masseter, temporalis, and 
buccinator (which is also a muscle of faeial ex- 
pression). 

2. Muscles of the tmnk and neek move the head, 
shoulder girdle, and trunk and form the abdominal 
girdle. Anterior neek and tmnk muscles include 
the sternoeleidomastoid, peetoralis major, inter- 
eostals, rectus abdominis, external and internal 
obliques, and transversus abdominis. Posterior 
tmnk and neek muscles include the trapezius, 
latissimus dorsi, and deltoid. Deep muscles of the 
baek are the ereetor spinae muscles. 


3. Muscles of the upper limb include muscles that 
cause movement at the shoulder joint, elbow, and 
hand. Muscles causing movement at the elbow in- 
clude the braehialis, bieeps braehii, braehioradialis, 
and trieeps braehii. 

4. Muscles of the lower extremity cause movement at 
the hip, knee, and foot. They inehide the iliopsoas, 
gluteus maximus and medius, adductors, quadri- 
eeps and hamstring groups, gastrocnemius, tibialis 
anterior, fibularis muscles, soleus, and extensor 
digitomm longus. 

Developmental Aspeets of the Muscular 
System (pp. 214-215) 

1. Inereasing muscular eontrol refleets the maturation 
of the nervous system. Muscle eontrol is aehieved 
in a cephalic/caudal and proximal/distal direetion. 

2. To remain healthy, muscles must be regularly exer- 
eised. Without exercise, they atrophy; with ex- 
tremely vigorous exercise, they hypertrophy. 

3. As we age, muscle mass deereases, and the mus- 
eles beeome more sinewy. Exercise helps to retain 
muscle mass and strength. 

Reiiiew Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. If you eompare eleetron mierographs of a relaxed 
skeletal muscle fiber and a fully eontraeted muscle 
fiber, which would you see only in the relaxed 
fiber? 

a. Z dises d. A bands 

b. Triads e. H zones 

e. I bands 

2. After ACh attaehes to its reeeptors at the neuromus- 
cular junction, what is the next step? 

a. Sodium ehannels open. 

b. Calcium binds to regulatory proteins on the thin 
filaments. 

e. Cross bridges attaeh. 
d. ATP is hydrolyzed. 

3. Your ability to lift that heavy couch would be in- 
ereased by which type of exercise? 

a. Aerobie e. Resistanee 

b. Endurance d. Swimming 
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4. Doing the pineer grasp is an_movement. 

a. extending e. adducting 

b. abducting d. opposing 

5. Which are ways in which muscle names have been 
derived? 

a. Attaehments 

b. Size 

e. Function 

d. Loeation 

6. Which of the following muscles attaeh to the hip 
bones? 

a. Rectus abdominis 

b. Rectus femoris 

e. Vastus medialis 

d. Vastus lateralis 

7. Which of these thigh rmiseles causes movement at 
the hip joint? 

a. Rectus femoris 

b. Bieeps femoris 

e. Vastus lateralis 

d. Semitendinosus 

8. Which of the following insert on the arm? 

a. Bieeps braehii 

b. Trieeps braehii 

e. Trapezius 

d. Latissirmis dorsi 

Short Answer Essay 

9. What is the major function of muscle? 

10. Compare skeletal, smooth, and eardiae rmaseles as 
to their mieroseopie anatomy, loeation and arrange- 
ment in body organs, and function in the body. 

11. What two types of rmisele tissue are striated? 

12. Why are the eonneetive tissue wrappings of skele- 
tal muscles important? Name these eonneetive 
tissue eoverings, beginning with the finest and 
ending with the most eoarse. 

13- What is the function of tendons? 

14. Define neuromuscular junction, motor unit, tetanns, 
graded response, aerobie respiration, anaerobie gly- 
eolysis, muscle fatigue, and neurotransmitter. 


13. Deseribe the events that occur from the time a mo- 
tor neuron releases aeetyleholine at the neuromus- 
cular junction until muscle eell eontraetion occurs. 

16. How do isotonie and isometrie eontraetions differ? 

17. Muscle tone keeps muscles healthy. What is muscle 
tone, and what causes it? What happens to a mus- 
ele that loses its tone? 

18. A skeletal muscle is attaehed to bones at two points. 
Name eaeh of these attaehment points, and indieate 
which is movable and which is immovable. 

19- List the 12 body movements studied in this ehapter 
and demonstrate eaeh. 

20. How is a prime mover different from a synergist 
muscle? How ean a prime mover also be eonsid- 
ered an antagonist? 

21. If you were alternately eontraeting and relaxing 
your masseter muscle, what would you be doing? 
Name three other muscles of the faee, and give the 
loeation and function of eaeh. 

22. The sternoeleidomastoid muscles help to flex the 
neek. What are their antagonists? 

23. Name two muscles that reverse the movement of 
the deltoid muscle. 

24. Name the prime mover of elbow flexion. Name its 
antagonist. 

23. Other than aeting to flex the spine and eompress 
the abdominal eontents, the abdominal muscles are 
extremely important in proteeting and eontaining 
the abdominal viseera. What is it about the arrange- 
ment of these rmiseles that makes them so well 
suited for their job? 

26. The hamstring and quadriceps muscle groups are 
antagonists of eaeh other, and eaeh group is a 
prime mover in its own right. What aetion does 
eaeh muscle group perform? 

27. What two-bellied muscle makes up the ealf region 
of the leg? What is its function? 

28. What happens to rmiseles when they are exercised 
regularly? Exercised vigorously as in weight lifting? 
Not used? 

29. What is the effeet of aging on skeletal muscles? 

30. Should a triathlete engage in aerobie or resistanee 
training? Explain. 
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Critieal Thinking and 

[linieal Applieation 
Questions 

31. Name three miiseles or muscle groups used as sites 
for intramuscular injeetions. Which is most often 
used in babies? 

32. Mr. Ahmadi was advised by his physieian to lose 
weight and start jogging. He began to jog daily. On 
the sixth day, he was foreed to jump out of the way 
of a speeding ear. He heard a snapping sound that 
was immediately followed by pain in his right 
lower ealf. A gap was visible between his swollen 
ealf and his heel, and he was unable to plantar flex 
that foot. What do you think happened? 

33. While painting her house, Sally fell off the ladder 
and fractured her right elaviele. Treatment pre- 
seribed by the emergeney room physieian included 
using a sling for her right arm to immobilize the 
elaviele and speed its healing. What muscles are 
temporarily “put out of business” by the sling? 

34. When Erie returned from jogging, he was breathing 
heavily and sweating profusely, and he eomplained 
that his legs aehed and felt weak. His wife poured 
him a sport drink and urged him to take it easy un- 
til he could “eateh his breath.” On the basis of what 
you have learned about muscle energy metabolism, 
respond to the following questions: 


a. Why is Erie breathing heavily? 

b. What ATP-harvesting pathway have his working 
muscles been using that leads to such a breath- 
ing pattern? 

e. What metabolie product(s) might account for his 
sore muscles and his feeling of muscle weakness? 

33. ehemieal A binds and bloeks aeetyleholine reeeptors 
of muscle eells. ehemieal B floods the eytoplasm of 
muscle eells with calcium ions. Which ehemieal 
would make the best muscle relaxant and why? 

36. Mr. Posibo has had eolon surgery. Now he is expe- 
rieneing weakness of the muscles on his right side 
only, the side in which the ineision was made 
through the abdominal musculature. Consequently, 
the abdominal muscles on his left side eontraet 
more strongly, throwing his torso into a lateral flex- 
ion. Mr. Posibo needs physieal therapy. What ab- 
normal spinal curvature will result if he doesn’t get 
it, and why? 

37. When a person dies, rigor mortis sets in as ATP 
synthesis eeases. Explain why the laek of ATP in 
muscle eells would cause the muscles to beeome 
rigid rather than limp soon after death. 

38. Harry was pondering an exam question that said, 
“What muscle type has elongated eells and is found 
in the walls of the urinary bladder?” What should 
he have responded? 








The Nervous System 


FHNlTION prei/ieiá/ 

The nervous system maintains body homeostasis with eleetrieal signals; provides for 
sensation, higher mental functioning, and emotional response; and aetivates muscles 
and glands. 


you are drii/ing down the \reewa\j, and a horn 

blares on your right. You swerve to your left. 
eharlie leaves a note on the kitehen table: “See 
you later—have the stuff ready at 6.” You know 
that the “stuff’ is ehili with taeo ehips. Another 
example—you are with a group of friends but are 
not paying attention to any particular eonversa- 
tion, yet when you hear your name, you immedi- 
ately focus in. What do all these events have in 
eommon? They are all everyday examples of the 
functioning of your nervous system, which has 
your body eells humming with aetivity nearly all 
the time. 

The nervous system is the master eontrolling 
and communicating system of the body. Every 
thought, aetion, and emotion refieets its aetivity. Its 


signaling deviee, or means of communicating with 
body eells, is eleetrieal impulses, which are rapid 
and speeifie and cause almost immediate responses. 

The nervous system does not work alone to 
regulate and maintain body homeostasis; the en- 
doerine system is a seeond important regulating 
system. Whereas the nervous system eontrols with 
rapid eleetrieal nerve impulses, the endoerine sys- 
tem organs produce hormones that are released 
into the blood. Thus, the endoerine system typi- 
eally brings about its effeets in a more leisurely 
way. However, our topie here is the nervous sys- 
tem, so let’s get baek to that. 

To earry out its normal role, the nervous sys- 
tem has three overlapping functions (Figure 7.1): 
(1) Much like a sentry, it uses its millions of 
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Brain and spinal eord 


Effeetor 


Figure 7.1 The nervous system’s functions. 


sensory reeeptors to monitor ehanges occurring 
both inside and outside the body. These ehanges 
are ealled stimnli, and the gathered information is 
ealled sensory input. (2) It proeesses and inter- 
prets the sensory input and deeides what should 
be done at eaeh moment—a proeess ealled 
integration. (3) It then effeets, or causes, a re- 
sponse by aetivating muscles or glands (effeetors) 
via motor output. An example will illustrate how 
these functions work together. When you are driv- 
ing and see a red light just ahead (sensory input), 
your nervous system integrates this information 
(red light means “stop”) and sends motor output 
to the muscles of your right leg and foot, and your 
foot goes for the brake pedal (the response). 

Organization of the 
Nervous System 

List the general functions of the nervous system. 

Explain the structural and functional elassifieations of 
the nervous system. 

Define eentral nervous system and peripheral nervous 
system, and list the major parts of eaeh. 

We have only one nervous system, but, because of 
its complexity, it is difficult to eonsider all its parts 
at the same time. So, to simplify its study, we divide 
it in terms of its structures (structural elassifieation) 
or in terms of its aetivities (functional elassifieation). 
We briefly deseribe eaeh of these elassifieation 
sehemes below, and their relationships are illus- 
trated in Figure 7.2. You do not need to memorize 
this whole seheme now, but as you are reading the 
deseriptions, tiy to get a “feel” for the major parts 


Central Nervous System 

(brain and spinal eord) 


Peripheral Nervous System 

(eranial and spinal nerves) 




Sensory 


Motor 


(afferent) 



(efferent) 







Parasympathetie 


Sympathetie 


Figure 7.2 Organization of the nervous system. 

Flowchart showing that the eentral nervous system 
reeeives input via sensory fibers and issues eommands 
via motor fibers. The sensory and motor fibers together 
form the nerves that constitute the peripheral nervous 
system. 


and how they fit together. This will make your 
learning task easier as you make your way through 
this ehapter. Later you will meet all these terms and 
eoneepts again and in more detail. 

Structural Classification 

The structural elassifieation, which includes all 
nervous system organs, has two subdivisions—the 
eentral nervous system and the peripheral nervous 
system (see Figure 7.2). 
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The eentral nervous system (CNS) eonsists 
of the brain and spinal eord, which occupy the 
dorsal body eavity and aet as the integrating and 
eommand eenters of the nervous system. They in- 
terpret ineoming sensory information and issue in- 
stmetions based on past experience and current 
eonditions. 

The peripheral (pé-rif'er-al) nervous system 

(PNS) is the part of the nervous system outside 
the CNS. It eonsists mainly of the nerves that ex- 
tend from the brain and spinal eord. Spinal nerves 
earry impulses to and from the spinal eord. 
Cranial (kra'ne-al) nerves earry impulses to and 
from the brain. These nerves serve as communica- 
tion lines. They link all parts of the body by earry- 
ing impulses from the sensory reeeptors to the 
CNS and from the CNS to the appropriate glands 
or muscles. 

We discuss the organs making up the CNS and 
PNS at length later in this ehapter. 

Functional Classification 

The functional elassifieation seheme is eoneerned 
only with PNS structures. It divides them into two 
prineipal subdivisions (see Figure 7.2). 

The sensory, or afferent (af'er-ent), division 
eonsists of nerves (eomposed of nerve fibers) that 
eonvey impulses to the eentral nervous system 
from sensory reeeptors loeated in various parts of 
the body. ( Afferent literally means “to go toward.”) 
Sensory fibers delivering impulses from the skin, 
skeletal muscles, and joints are ealled somatie 
(soma = body) sensory (afferent) fibers, whereas 
those transmitting impulses from the viseeral or- 
gans are ealled viseeral sensory fibers, or viseeral 
afferents. The sensory division keeps the CNS 
eonstantly informed of events going on both in- 
side and outside the body. 

The motor, or efferent (ef'er-rent), division 
earries impulses from the CNS to effeetor organs, 
the muscles and glands. These impulses aetivate 
muscles and glands; that is, they effeet (bring 
about) a motor response. 

The motor division in turn has two subdivi- 
sions (see Figure 7.2): 

1. The somatie (so-mat'ik) nervous system al- 

lows us to consciously, or voluntarily, eontrol 
our skeletal muscles. Henee, we often refer to 
this subdivision as the voluntary nervous 
system. However, not all skeletal muscle 


aetivity eontrolled by this motor division is vol- 
untary. Skeletal muscle reflexes, like the 
streteh reflex for example (deseribed later in 
the ehapter) are initiated involuntarily by these 
same fibers. 

2. The autonomic (aw"to-nom'ik) nervous 
system (ANS) regulates events that are auto- 
matie, or involuntary, such as the aetivity of 
smooth and eardiae muscles and glands. This 
subdivision, eommonly ealled the involuntary 
nervous system, itself has two parts, the 
sympathetie and parasympathetie, which typi- 
eally bring about opposite effeets. What one 
stimulates, the other inhibits. We will deseribe 
these later. 

Although it is simpler to study the nervous sys- 
tem in terms of its subdivisions, you should reeog- 
nize that these subdivisions are made for the sake 
of eonvenienee only. Remember that the nervous 
system aets as a eoordinated unit, both structurally 
and functionally. 


DID YOU GET IT 



1. Name the structures that make up the CNS and those 
that make up the PNS. 

For the answer, see Appendix D. 


Nervous Tissue: 

Structure and Function 

State the functions of neurons and neuroglia. 

Even though it is complex, nervous tissue is made 
up of just two prineipal types of eells— snpporting 
eells and neurons. 

Siipporting Cells 

Supporting eells in the CNS are “lumped together” 
as neuroglia (nu-rog'le-ah), literally, “nerve glue,” 
also simply ealled either glia (gle'ah) or glial eells. 
Neuroglia includes many types of eells that gener- 
ally support, insulate, and proteet the delieate neu- 
rons (Figure 7.3). In addition, eaeh of the different 
types of neuroglia has speeial functions. The CNS 
glia include the following: 

• Astroeytes: abundant star-shaped eells that ae- 
count for nearly half of the neural tissue. Their 
numerous projeetions have swollen ends that 
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(a) Astroeytes are the most abimdant 
and versatile neuroglia. 


(d) Oligodendroeytes have proeesses that form 
myelin sheaths around CNS nerve fibers. 



Neuron 


Mieroglial 

eell 


Satellite 

eells 



Cell body of neuron 

Schwann eells 
(forming myelin sheath) 

Nerve fiber 



(b) Mieroglial eells are phagoeytes that 
defend CNS eells. 


(e) Satellite eells and Schwann eells (which form 
myelin) surround neurons in the PNS. 



Ependymal 

eells 

Brain or 
spinal eord 
tissue 


(e) Ependymal eells line eerebrospinal 
fluid-filled eavities. 


Figure 7.3 Supporting (glial) eells 
of nervous tissue. 


eling to neurons, braeing them and anehoring 
them to their nutrient supply lines, the blood 
eapillaries (Figure 7.3a). Astroeytes form a liv- 
ing barrier between eapillaries and neurons, 
help determine eapillary permeability, and play 
a role in making exchanges between the two. 
In this way, they help proteet the neurons from 
harmful substances that might be in the blood. 
Astroeytes also help eontrol the ehemieal envi- 
ronment in the brain by “mopping up” leaked 


potassium ions and recapturing released neuro- 
transmitters. 

• Mieroglia (mi-krog'le-ah): spiderlike phago- 
eytes that monitor the health of nearby neurons, 
and dispose of debris, including dead brain 
eells and baeteria (Figure 7.3b). 

• Ependymal (é-pen'di-mal) eells: glial eells 
that line the eentral eavities of the brain and 
the spinal eord (Figure 7.3c). The beating of 
their eilia helps to circulate the eerebrospinal 
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fluid that fills those eavities and forms a protee- 
tive cushion around the CNS. 

• Oligodendroeytes (ol"r-go-den'dro-sitz): glia 
that wrap their flat extensions (proeesses) 
tightly around the nerve fibers, producing fatty 
insulating eoverings ealled myelin sheaths 
(Figure 7.3d). 

Although they somewhat resemble neurons 
structurally (both eell types have eell extensions), 
glia are not able to transmit nerve impulses, a 
flmetion that is highly developed in neurons. 
Another important differenee is that glia never lose 
their ability to divide, whereas most neurons do. 
Consequently, most brain tumors are gliomas, or 
tumors formed by glial eells (neuroglia). 

Supporting eells in the PNS eome in two major 
varieties—Schwann eells and satellite eells (Figure 
7.3e). Schwann eells form the myelin sheaths 
around nerve fibers that are found in the PNS. 
Satellite eells aet as proteetive, cushioning eells. 


DID YOU GET IT 



2 . VVhieh glial eells are most abundant in the body? 
VVhieh produce the insulating material ealled myelin? 

3. VVhy is a brain tumor more likely to be formed from 
glial eells than from neurons? 

For answers, see Appendix D. 


Neurons 

Anatomy 

,Z Deseribe the general structure of a neuron, and name 
its important anatomieal regions. 

Deseribe the eomposition of gray matter and white 
matter. 

Neurons, also ealled nerve eells, are highly spe- 
eialized to transmit messages (nerve impulses) 
from one part of the body to another. Although 
neurons differ structurally from one another, they 
have many eommon features (Figure 7.4). All have 
a eell body, which eontains the nucleus and is the 
metabolie eenter of the eell, and one or more slen- 
der proeesses extending from the eell body. 

Cell Body The eell body is the metabolie eenter 
of the neuron. Its transparent nucleus eontains a 
conspicuous nucleolus. The eytoplasm surround- 
ing the nucleus eontains the usual organelles 
except it laeks eentrioles (which eonfirms the 
amitotie nature of most neurons). The rough ER, 


ealled Nissl (nis'l) bodies, and neurofìbrils (in- 
termediate filaments that are important in main- 
taining eell shape) are particularly abundant in the 
eell body. 

Proeesses The armlike proeesses, or fibers, 

vary in length from mieroseopie to 3 to 4 feet. The 
longest ones in humans reaeh from the lumbar re- 
gion of the spine to the great toe. Neuron 
proeesses that eonvey ineoming messages (eleetri- 
eal signals) toward the eell body are dendrites 
(den'dritz), whereas those that generate nerve im- 
pulses and typieally conduct them away from the 
eell body are axons (ak'sonz). Neurons may have 
hundreds of the branehing dendrites ^dendr = 
tree), depending on the neuron type, but eaeh 
neuron has only one axon, which arises from a 
eonelike region of the eell body ealled the axon 
hilloek. 

An oeeasional axon gives off a eollateral 
hraneh along its length, but all axons braneh 
profusely at their terminal end, forming hundreds 
to thousands of axon terminals. These terminals 
eontain hundreds of tiny vesieles, or membra- 
nous saes, that eontain ehemieals ealled 
neurotransmitters. As we said, axons transmit 
nerve impulses away from the eell body. When 
these impulses reaeh the axon terminals, they 
stimulate the release of neurotransmitters into the 
extracellular spaee. 

Eaeh axon terminal is separated from the next 
neuron by a tiny gap ealled the synaptie (si- 
nap'tik) eleft. Such a flmetional junction is ealled 
a synapse (syn — to elasp or join). Although they 
are elose, neurons never actually touch other neu- 
rons. You will learn more about synapses and the 
events that occur there a bit later. 

Myelin Sheaths Most long nerve fibers are eov- 
ered with a whitish, fatty material ealled myelin 
(mi'é-lin), which has a waxy appearanee. Myelin 
proteets and insulates the fibers and inereases the 
transmission rate of nerve impulses. Axons out- 
side the CNS are myelinated by Schwann eells, as 
just noted. These eells wrap themselves around 
the axon in a jelly-roll fashion (Figure 7.5). 
Initially, the membrane eoil is loose, but the 
Schwann eell eytoplasm is gradually squeezed 
from between the membrane layers. When the 
wrapping proeess is done, a tight eoil of wrapped 
membranes, the myelin sheath, eneloses the 
axon. Most of the Schwann eell eytoplasm ends 
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Why does the myelin sheath that is produced by 
Sehvvann eelts have gaps in it? 


Sehvvann eell 
eytoplasm 


Axon 



Sehvvann eell 
plasma membrane 

Sehvvann eell 
nucleus 




t 


Neurilemma 


Myelin 

sheath 



(C) 

Figure 7.5 Relationship of Schwann eells to 
axons in the peripheral nervous system. (a-e) As 

illustrated (top to bottom), a Schwann eell envelops part 
of an axon in a trough and then rotates around the 
axon. Most of the Schwann eell eytoplasm eomes to lie 
just beneath the exposed part of its plasma membrane. 
The tight eoil of plasma membrane material surrounding 
the axon is the myelin sheath. The Schwann eell 
eytoplasm and exposed membrane are referred to as 
the neurilemma. 


up just beneath the outermost part of its plasma 
membrane. This part of the Schwann eell, external 
to the myelin sheath, is ealled the neurilemma 
(nu"ri-lem'mah, “neuron husk”). Because the 
myelin sheath is formed by many individual 
Schwann eells, it has gaps, or indentations, ealled 
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nodes of Ranvier (rahn-vér), at regular intervals 
(see Figure 7.4). 

Myelinated fibers are also found in the eentral 
nervous system. However, there it is oligoden- 
droeytes that form CNS myelin sheaths (see 
Figure 7.3d). In eontrast to Schwann eells, eaeh 
of which deposits myelin around a small segment 
of one nerve fiber, the oligodendroeytes with 
their many fTat extensions ean eoil around as 
many as 60 different fibers at the same time. 
Although the myelin sheaths formed by oligoden- 
droeytes and those formed by Schwann eells are 
similar, the CNS sheaths laek a neurilemma. 
Because the neurilemma remains intaet (for the 
most part) when a peripheral nerve fiber is dam- 
aged, it plays an important role in fiber regenera- 
tion, an ability that is largely laeking in the een- 
tral nervous system. 

HOMEOSTATIC IMBALANCE 

The importanee of the myelin insula- 
tion to nerve transmission is best illustrated by 
observing what happens when it is not there. In 
people with multiple selerosis (MS), the myelin 
sheaths around the fibers are gradually destroyed, 
eonverted to hardened sheaths ealled seleroses. As 
this happens, the eleetrieal current is shoit-circuited. 
The affeeted person may have visual and speeeh 
disturbances, lose the ability to eontrol his or her 
imiseles, and beeome inereasingly disabled. 
Multiple selerosis is an autoimmune disease in 
which a protein eomponent of the sheath is 
attaeked. As yet there is no cure, but injeetions of 
interferon (a hormonelike substance released by 
some irnimme eells) appear to hold the symptoms 
at bay and provide some relief. ) 

Terminology Clusters of neuron eell bodies and 
eolleetions of nerve fibers are named differently in 
the CNS and in the PNS. For the most part, eell 
bodies are found in the CNS in clusters ealled 
nuclei. This well-protected loeation within the 
bony skull or vertebral column is essential to the 
well-being of the nervous system—remember that 
neurons do not routinely undergo eell division af- 
ter birth. The eell body earries out most of the 
metabolie functions of a neuron, so if it is dam- 
aged, the eell dies and is not replaeed. Small eol- 
leetions of eell bodies ealled ganglia (gangTe-ah; 
ganglion, singular) are found in a few sites out- 
side the CNS in the PNS. 
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Figure 7,6 Neurons elassified by function. Sensory (afferent) neurons conduct 
impulses from sensory reeeptors (in the skin, viseera, muscles) to the eentral nervous 
system; most eell bodies are in ganglia in the PNS. Motor (efferent) neurons transmit 
impulses from the CNS (brain or spinal eord) to effeetors in the body periphery. 
lnterneurons (assoeiation neurons) eomplete the communication pathway between 
sensory and motor neurons; their eell bodies reside in the CNS. 


Bundles of nerve fibers (neuron proeesses) 
mnning through the CNS are ealled traets, 
whereas in the PNS they are ealled nerves. The 
terms white matter and gray matter refer respee- 
tively to myelinated versus unmyelinated regions 
of the CNS. As a general mle, the white matter 
eonsists of dense eolleetions of myelinated fibers 
(traets), and gray matter eontains mostly un- 
myelinated fibers and eell bodies. 

eiassifieation 

eiassify neurons aeeording to structure and function. 

List the types of general sensory reeeptors and 
deseribe their functions. 

Neurons may be elassified either aeeording to how 
they function or aeeording to their structure. 

Fimetional eiassifieation Functional elassifieation 
groups neurons aeeording to the direetion the 
nerve impulse is traveling relative to the CNS. On 
this basis, there are sensory, motor, and assoeiation 


neurons (interneurons) (Figure 7.6). Neurons 
earrying impulses from sensory reeeptors (in the 
internal organs or the skin) to the CNS are 
sensory, or afferent, neurons. (Reeall that 
afferent means a to go toward.”) The eell bodies of 
sensory neurons are always found in a ganglion 
outside the CNS. Sensory neurons keep us 
informed about what is happening both inside 
and outside the body. 

The dendrite endings of the sensory neurons 
are usually assoeiated with speeialized reeeptors 
that are aetivated by speeifie ehanges occurring 
nearby. We eover the very complex reeeptors of 
the speeial senses (vision, hearing, equilibrium, 
taste, and smell) separately in ehapter 8. The 
simpler types of sensory reeeptors in the skin 
(cutaneous sense organs) and in the muscles 
and tendons (proprioeeptors [pro"pre-o- 
sep'torz]) are shown in Figure 4.3 and Figure 7.7. 
The pain reeeptors (actually bare nerve endings) 
are the least speeialized of the cutaneous 
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(a) Free nerve endings (pain 
and temperature reeeptors) 



(e) Lamellar corpuscle (deep 
pressure reeeptor) 


Figure 7.7 Types of sensory reeeptors. 



(b) Meissner’s corpuscle 
(touch reeeptor) 



(d) Golgi tendon organ 
(proprioeeptor) 



(e) Muscle spindle 
(proprioeeptor) 


reeeptors. They are also the most numerous, be- 
cause pain warns us that some type of body dam- 
age is occurring or is about to occur. However, 
strong stimulation of any of the cutaneous reeep- 
tors (for example, by searing heat, extreme eold, 
or excessive pressure) is also interpreted as pain. 

The proprioeeptors deteet the amount of 
streteh, or tension, in skeletal muscles, their ten- 
dons, and joints. They send this information to the 
brain so that the proper adjustments ean be made 
to maintain balanee and normal posture. Propria 
eomes from the Latin word meaning “one’s own,” 


and the proprioeeptors eonstantly advise our brain 
of our own movements. 

Neurons earrying impulses from the CNS to 
the viseera and/or muscles and glands are 
motor, or efferent, neurons (see Figure 7.6). 
The eell bodies of motor neurons are always lo- 
eated in the CNS. 

The third eategory of neurons is known as the 
interneurons, or assoeiation neurons. They 
eonneet the motor and sensory neurons in neural 
pathways. Like the motor neurons, their eell bod- 
ies are ahvays loeated in the CNS. 
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Structural eiassifieation Structural elassifieation is 

based on the number of proeesses extending from 
the eell body (Figure 7.8). If there are several, the 
neuron is a multipolar neuron. Because all mo- 
tor and assoeiation neurons are multipolar, this is 
the most eommon structural type. Neurons with 
two proeesses—an axon and a dendrite—are 
ealled bipolar neurons. Bipolar neurons are rare 
in adults, found only in some speeial sense organs 
(eye, nose), where they aet in sensory proeessing 
as reeeptor eells. LJnipolar neurons have a single 
proeess emerging from the eell body. However, 
it is very short and divides almost immediately 
into proximal (eentral) and distal (peripheral) 
proeesses. Unipolar neurons are unique in that 
only the small branehes at the end of the periph- 
eral proeess are dendrites. The remainder of the 
peripheral proeess and the eentral proeess func- 
tion as axons; thus, in this ease, the axon conducts 
nerve impulses both toward and away from the 
eell body. Sensory neurons found in PNS ganglia 
are unipolar. 


DID YOU GET IT r 

4. How does a traet differ from a nerve? 

5. How does a ganglion differ from a nucleus? 

6 . Which part of a neuron conducts impulses toward the 
eell body? Which part releases neurotransmitters? 

7. Your professor tells you that one neuron transmits a 
nerve impulse at the rate of 1 meter per seeond and 
that another neuron conducts at the rate of 40 meters 
per seeond. Which neuron has the myelinated axon? 

For ansvvers, see Appendix D. 

Physiology: Nerve lmpulses 

Deseribe the events that lead to the generation of a 
nerve impulse and its conduction from one neuron to 
another. 

Define reflex are, and list its elements. 

Neurons have two major functional properties: 
irritability, the ability to respond to a stimulus and 
eonvert it into a nerve impulse, and eondnetivity , 
the ability to transmit the impulse to other neu- 
rons, muscles, or glands. We will eonsider these 
hmetional abilities next. 

Eleetrieal Conditions of a Resting Neuron’s 

Membrane The plasma membrane of a resting, or 
inaetive, neuron is polarized, which means that 
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Figure 7.8 eiassifieation of neurons on the 
basis of structure. 


there are fewer positive ions sitting on the inner 
faee of the neuron’s plasma membrane than there 
are on its outer faee (Figure 7.9 (T)). The major 
positive ions inside the eell are potassmm (K + ), 
whereas the major positive ions outside the eell 
are sodium (Na + ). As long as the inside remains 
more negative than the outside, the neuron will 
stay inaetive. 

Aetion Potential Initiation and Generation Many dif- 

ferent types of stimuli excite neurons to beeome 
aetive and generate an impulse. For example, light 
excites the eye reeeptors, sound excites some of 
the ear reeeptors, and pressure excites some cuta- 
neous reeeptors of the skin. However, most neu- 
rons in the body are excited by neurotransmitter 
ehemieals released by other neurons, as we will 
deseribe shortly. Regardless of what the stimulus 
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(T) Resting membrane is polarized. In the resting state, the 
external faee of the membrane is slightly positive; its internal 
faee is slightly negative.The ehief extracellular ion is sodium 
(Na + ), whereas the ehief intracellular ion is potassium (K + ). 
The membrane is relatively impermeable to both ions. 


(2) Stimulus initiates loeal depolarization. A stimulus 
ehanges the permeability of a loeal "pateh" of the membrane, 
and sodium ions diffuse rapidly into the eell. This ehanges the 
polarity of the membrane (the inside beeomes more positive; 
the outside beeomes more negative) at that site. 


Na 


+ 




(3) Depolarization and generation of an aetion potential. 

If the stimulus is strong enough, depolarization causes 
membrane polarity to be eompletely reversed and an aetion 
potential is initiated. 


@ Propagation of the aetion potential. Depolarization of 
ttìe first membrane pateh causes permeability ehanges in the 
adjaeent membrane, and the events deseribed in step(2)are 
repeated.Thus, the aetion potential propagates rapidly áíong 
the entire length of the membrane. 



(5) Repolarization. Potassium ions diffuse out of the eell as 
the membrane permeability ehanges again, restoring the 
negative eharge on the inside of the membrane and the 
positive eharge on the outside surface. Repolarization occurs 
in the same direetion as depolarization. 


Cell 
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(6) Initial ionie eonditions restored. The ionie eonditions 
of the resting state are restored later by the aetivity of the 
sodium-potassium pump. Three sodium ions are ejeeted for 
every two potassium ions earried baek into the eell. 


Figure 7.9 The nerve impulse. 
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is, the result is always the same—the permeability 
properties of the eell’s plasma membrane ehange 
for a very brief period. Normally, sodium ions 
eannot diffuse through the plasma membrane to 
any great extent, but when the neuron is ade- 
quately stimulated, the “gates” of sodium ehannels 
in the membrane open. Because sodium is in 
much higher eoneentration outside the eell, it then 
diffuses quickly into the neuron. (Remember the 
laws of diffusion?) This inward msh of sodium 
ions ehanges the polarity of the neuron’s mem- 
brane at that site, an event ealled depolarization 
(Figure 7.9 ©)• Loeally, the inside is now more 
positive, and the outside is less positive, a loeal 
eleetrieal situation ealled a graded potential. 
However, if the stimulus is strong enough and the 
sodium influx is great enough, the loeal depolar- 
ization (graded potential) aetivates the neuron to 
initiate and transmit a long-distanee signal ealled 
an aetion potential, also ealled a nerve impulse 
in neurons (5). The nerve impulse is an all-or-none 
response, like firing a gun. It is either propagated 
(conducted, or sent) over the entire axon (T), or it 
doesn’t happen at all. The nerve impulse never 
goes partway along an axon’s length, nor does it 
die out with distanee as do graded potentials. 

Almost immediately after the sodium ions 
rush into the neuron, the membrane permeability 
ehanges again, beeoming impermeable to sodium 
ions but permeable to potassium ions. So potas- 
sium ions are allowed to diffuse out of the 
neuron into the tissue fluid, and they do so very 
rapidly. This outflow of positive ions from the 
eell restores the eleetrieal eonditions at the mem- 
brane to the polarized, or resting, state, an event 
ealled repolarization (Figure 7.9 (§)). Until 
repolarization occurs, a neuron eannot conduct 
another impnlse. After repolarization occurs, the 
initial eoneentrations of the sodium and potas- 
sium ions inside and outside the neuron are 
restored by aetivation of the sodium-potassium 
pump (g). This pump uses ATP (cellular energy) 
to pump excess sodium ions out of the eell and 
to bring potassium ions baek into it. Onee begun, 
these sequential events spread along the entire 
neuronal membrane. 

The events just deseribed explain propagation 
of a nerve impulse along unmyelinated fibers. 
Fibers that have myelin sheaths conduct impulses 
much faster because the nerve impulse literally 
jumps, or leaps, from node to node along the 


length of the fiber. This occurs because no eleetri- 
eal current ean flow aeross the axon membrane 
where there is fatty myelin insulation. This faster 
type of eleetrieal impulse propagation is ealled 
saltatory (sal'tah-to"re) conduction (saltare = to 
danee or leap). 

HOMEOSTATIC IMBALANOE 

A number of faetors ean impair the 
conduction of impulses. For example, sedatives 
and anestheties bloek nerve impulses by altering 
membrane permeability to ions, mainly sodium 
ions. As we have seen, no sodium entry = no ae- 
tion potential. 

Cold and continuous pressure hinder impulse 
conduction because they intermpt blood circula- 
tion (and henee the delivery of oxygen and nutri- 
ents) to the neurons. For example, your fingers get 
numb when you hold an iee cube for more than a 
few seeonds. Likewise, when you sit on your foot, 
it “goes to sleep.” When you warm the fingers or 
remove the pressure from your foot, the impulses 
begin to be transmitted onee again, leading to an 
unpleasant priekly feeling. ) 

Transmission of the Signal at Synapses So far we 

have explained only the irritability aspeet of neu- 
ronal functioning. What about conductivity—how 
does the eleetrieal impulse traveling along one 
neuron get aeross the synapse to the next neuron 
(or effeetor eell) to infhienee its aetivity? The 
answer is that the impnlse doesn’t! Instead, a neu- 
rotransmitter ehemieal erosses the synapse to 
transmit the signal from one neuron to the next 
eell as deseribed next. When the aetion potential 
reaehes an axon terminal (Figure 7.10 (T)), the 
eleetrieal ehange opens calcium ehannels. 
Calcium, in turn, causes the tiny vesieles eontain- 
ing the neurotransmitter ehemieal to fuse with the 
axonal membrane ©, and porelike openings 

form, releasing the transmitter (5). The neurotrans- 
mitter molecules diffuse aeross the synapse* and 
bind to reeeptors on the membrane of the next 
neuron (5). If enough neurotransmitter is released, 
the whole series of events deseribed above (sodium 



*Although most neurons communicate via the ehemieal type 
of synapse deseribed above, there are some examples of 
eleetrieal synapses in which the neurons are physieally 
joined by gap junctions and eleetrieal currents aetrially flow 
from one neuron to the next. 
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Figure 7.10 How neurons communicate at 
ehemieal synapses. The events occurring at the 
synapse are numbered in order. 


entiy ( 5 ), depolarization, ete.) will occur, leading to 
generation of a graded potential, and eventually a 
nerve impulse in the neuron beyond the synapse. 
The eleetrieal ehanges prompted by neurotransmitter 
binding are very brief because the neurotransmitter 
is quickly removed from the synapse (§), either by 
diffusion away, by reuptake into the axon terminal, 
or by enzymatie breakdown. This limits the effeet of 
eaeh nerve impulse to a period shorter than the 
blink of an eye. 

Notiee that the transmission of an impulse is an 
eleetroehemieal event. Transmission down the length 
of the neuron\s membrane is basieally eleetrieal, but 
the next neuron is stinmlated by a neurotransmitter, 
which is a ehemieal. Because eaeh neuron both 
reeeives signals from and sends signals to seores of 
other neurons, it earries on “eonversations” with 
many different neurons at the same time. 

Physiology: Reflexes 

Although there are many types of communication 
between neurons, much of what the body must do 
every day is programmed as reflexes. Reflexes are 
rapid, predietable, and involuntary responses to 
stimuli. They are much like one-way streets—onee a 
reflex begins, it always goes in the same direetion. 
Reflexes occur over neural pathways ealled reflex 
ares and involve both CNS and PNS structures. 

The types of reflexes that occur in the body 
are elassed as either somatie or autonomic 
reflexes. Somatie reflexes include all reflexes 
that stimulate the skeletal muscles. When you 
quickly pull your hand away from a hot objeet, a 
somatie reflex is working. Autonomic reflexes 
regulate the aetivity of smooth muscles, the heart, 
and glands. Seeretion of saliva (salivary reflex) and 
ehanges in the size of the eye pupils (pupillary 
reflex) are two such reflexes. Autonomic reflexes 
regulate such body functions as digestion, elimina- 
tion, blood pressure, and sweating. 

All reflex ares have a minimum of five ele- 
ments (Figure 7.11a): a sensory reeeptor (which 
reaets to a stimulus), an effeetor organ (the muscle 
or gland eventually stimulated), and sensory and 
motor nenrons to eonneet the two. The synapse or 
interneurons between the sensory and motor neu- 
rons represents the eentral element—the CNS 
integration eenter. 

The simple patellar (pah-tel'ar), or knee-jerk, 
reflex, shown in Figure 7.11b, is an example of a 
two-neuron reflex are, the simplest type in humans. 
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Figure 7.11 Simple reflex ares 























240 


Essentials of Human Anatomy and Physiology 


The patellar reflex (in which the quadriceps 
muscle attaehed to the hit tendon is stretehed) is 
familiar to most of us. It is usually tested during a 
physieal exam to determine the general health of 
the motor portion of our nervous system. Most 
reflexes are much more complex than the two- 
neuron reflex, involving synapses between one or 
more interneurons in the CNS (integration eenter). 
A three-neuron reflex are, the flexor, or withdrawal, 
reflex, in which the limb is withdrawn from a 
painful stimulus, is diagrammed in Figure 7.11c. 
The three-neuron reflex are eonsists of five ele- 
ments—reeeptor, sensory neuron, interneuron, 
motor neuron, and effeetor. Because there is 
always a delay at synapses (it takes time for the 
neurotransmitter to diffuse through the synaptie 
eleft), the more synapses there are in a reflex 
pathway, the longer the reflex takes to happen. 

Many spinal reflexes involve only spinal eord 
neurons and occur without brain involvement. As 
long as the spinal eord is functional, spinal 
reflexes, such as the flexor reflex, will work. By 
eontrast, some reflexes require that the brain 
beeome involved because many different types of 
information have to be evaluated to arrive at the 
“right” response. The response of the pupils of the 
eyes to light is a reflex of this type. 

As noted earlier, reflex testing is an important 
tool in evaluating the eondition of the nervous sys- 
tem. Whenever reflexes are exaggerated, distorted, 
or absent, nervous system disorders are indieated. 
Reflex ehanges often occur before the pathologieal 
eondition has beeome obvious in other ways. 


DID YOU GET IT 



8 . VVhat is the differenee betvveen a graded potential and 
an aetion potential? 

9. Hovv is a stimulus transmitted aeross a synapse? 

10. VVhieh portion(s) of a neuron is (are) likely to be 
assoeiated vvith a sensory reeeptor or a sensory 
organ? 

11. VVhat is a reflex? 


For answers, see Appendix D. 


Central Nervous System 

During embryonie development, the CNS first ap- 
pears as a simple tube, the neural tube, which 
extends down the dorsal median plane of the de- 
veloping embryo’s body. By the fourth week, the 


anterior end of the neural tube begins to expand, 
and brain formation begins. The rest of the neural 
tube posterior to the forming brain beeomes the 
spinal eord. The eentral eanal of the neural tube, 
which is continuous between the brain and spinal 
eord, beeomes enlarged in four regions of the 
brain to form ehambers ealled ventrieles (see 

Figure 7.18a and b, p. 249). 

Functional Anatomy of the Brain 

Identify and indieate the functions of the major regions 

of the eerebral hemispheres, dieneephalon, brain 

stem, and cerebellum on a human brain model or 

diagram. 

The adult brain’s unimpressive appearanee gives 
few hints of its remarkable abilities. It is about two 
good fistfuls of pinkish gray tissue, wrinkled like a 
walnut and with the texture of eold oatmeal. It 
weighs a little over three pounds. Because the 
brain is the largest and most complex mass of 
nervous tissue in the body, we eommonly discuss 
it in terms of its four major regions— eerebral 
hemispheres, dieneephalon (dfen-sef'ah-lon), brain 
stem, and cerebellum (Figure 7.12). 

Oerebral Hemispheres 

The paired eerebral (ser'e-bral) hemispheres, 
eolleetively ealled the cerebrum, are the most su- 
perior part of the brain and together are a good 
deal larger than the other three brain regions eom- 
bined. In faet, as the eerebral hemispheres de- 
velop and grow, they enelose and obscure most of 
the brain stem, so many brain stem structures ean- 
not normally be seen unless a sagittal seetion is 
made. Picture how a mushroom eap eovers the 
top of its stalk, and you have a fairly good idea of 
how the eerebral hemispheres eover the dien- 
eephalon and the superior part of the brain stem 
(see Figure 7.12). 

The entire surface of the eerebral hemispheres 
exhibits elevated ridges of tissue ealled gyri (ji're; 
gyrus, singular; a twisters”), separated by shallow 
grooves ealled sulci (sul'ki; sulcus, singular; a fur- 
rows”). Less numerous are the deeper grooves 
ealled fìssures (Figure 7.13a), which separate 
large regions of the brain. Many of the fissures and 
gyri are important anatomieal landmarks. The 
eerebral hemispheres are separated by a single 
deep fissure, the longitudinal fissure. Other fis- 
sures or sulci divide eaeh eerebral hemisphere into 
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Figure 7.12 Development and regions of the human brain. The brain ean be 
eonsidered in terms of four main parts: eerebral hemispheres, dieneephalon, brain stem, 
and cerebellum. (a) ln the developing brain, the eerebral hemispheres, initially smooth, 
are foreed to grow posteriorly and laterally over the other brain regions by the bones of 
the skiill. (b) ln the adult brain, the eerebral hemispheres, now highly convoluted, enelose 
the dieneephalon and the superior part of the brain stem. The left eerebral hemisphere is 
drawn so that it looks transparent, to reveal the loeation of the deeply situated 
dieneephalon and superior part of the brain stem. 


a number of lobes, named for the eranial bones 
that lie over them (see Figure 7.13a and b). 

Eaeh eerebral hemisphere has three basie re- 
gions: a superficial cortex of gray matter, which 
looks gray in fresh brain tissue; an internal area of 
white matter; and the hasal nuclei, islands of gray 
matter situated deep within the white matter. We 
eonsider these regions next. 

Oerebral Cortex speeeh, memory, logieal and 

emotional response, as well as consciousness, in- 
terpretation of sensation, and vohmtary movement, 
are all hanetions of neurons of the eerebral eor- 
tex, and many of the functional areas of the eere- 
bral hemispheres have been identified (Figure 
7 .13c). The primary somatie sensory area is lo- 
eated in the parietal lobe posterior to the eentral 
sulcus. Impulses traveling from the body’s sensory 
reeeptors (except for the speeial senses) are loeal- 
ized and interpreted in this area of the brain. The 
primary somatie sensory area allows you to reeog- 
nize pain, eoldness, or a light touch. As illustrated 
in Figure 7.14, the body is represented in an 
upside-down manner in the sensory area. This spa- 
tial map is ealled the sensory homunculus (ho- 
mung'ku-lus; “little man”). Body regions with the 
most sensory reeeptors—the lips and fingertips— 


send impulses to neurons that make up a large part 
of the sensory area. Furthermore, the sensory 
pathways are erossed pathways—meaning that the 
left side of the primary somatie sensory area 
reeeives impulses from the right side of the body, 
and viee versa. 

Impulses from the speeial sense organs are in- 
terpreted in other eortieal areas (see Figure 7.13b 
and e). For example, the visual area is loeated in 
the posterior part of the oeeipital lobe, the audi- 
tory area is in the temporal lobe bordering the 
lateral sulcus, and the olfaetory area is found deep 
inside the temporal lobe. 

The primary motor area, which allows us to 
consciously move our skeletal muscles, is anterior to 
the eentral sulcus in the frontal lobe. The axons of 
these motor neurons form the major voluntary mo- 
tor traet—the eortieospinal (koF'ti-ko-spi'nal), or 
pyramidal, traet, which deseends to the eord. As 
in the primary somatie sensory cortex, the body is 
represented upside-down, and the pathways are 
erossed. Most of the neurons in the primary motor 
area eontrol body areas having the finest motor eon- 
trol; that is, the faee, mouth, and hands (see Figure 
7.14). The body map on the motor cortex, as you 
might guess, is ealled the motor homunculus. 
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Figure 7.13 Left lateral view of the 
brain. (a) Diagrammatie view of major 
structural areas. (b) Photograph. 

(e) Functional areas of the eerebral 
hemisphere, diagrammatie view. More 
intense eolors (red and blue) indieate 
primary eortieal areas (motor and sensory 
areas). Pastel eolors (pink and pale 
blue) represent assoeiation areas of 
the eerebral cortex. 
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Figure 7,14 Sensory and motor areas of the eerebral cortex. The relative 
amount of eortieal tissue devoted to eaeh function is indieated by the amount of the 
gyrus occupied by the body area diagrams (homunculi). The primary motor cortex is 
shown on the left side of the diagram, the somatie sensory cortex is on the right. 


A speeialized eortieal area that is very involved 
in our ability to speak, Broea’s (bro'kahz) area (see 
Figure 7.13c), is found at the base of the preeentral 
gyrns (the gyrns anterior to the eentral sulcus). 
Damage to this area, which is loeated in only one 
eerebral hemisphere (usually the left), causes inabil- 
ity to say words properly. You know what you want 
to say, but you ean’t voealize the words. 

Areas involved in higher intellectual reason- 
ing and soeially aeeeptable behavior are believed 
to be in the anterior part of the frontal lobes, the 
anterior assoeiation area. Complex memories 
appear to be stored in the temporal and frontal 
lobes. The posterior assoeiation area eneom- 
passes part of the posterior cortex. This area 
plays a role in reeognizing patterns and faees, 


and blending several different inputs into an un- 
derstanding of the whole situation. Within this 
area is the speeeh area, loeated at the junction 
of the temporal, parietal, and oeeipital lobes. The 
speeeh area allows you to sound out words. This 
area (like Broea’s area) is usually in only one 
eerebral hemisphere. The frontal lobes house 
areas involved with language eomprehension 
(word meanings). 

The eell bodies of neurons involved in the 
eerebral hemisphere functions named above are 
found only in the outermost gray matter of the 
eerebmm, the eerebral cortex (see Figure 7.13a). 
As noted earlier, the eortieal region is highly 
ridged and convoluted, providing more room for 
the thousands of neurons found there. 
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Figure 7.15 Frontal seetion of the brain showing commissural, assoeiation, 
and projeetion fibers mnning through the eerebmm and the lower CNS. Notiee 
the internal capsule that passes between the thalamus and the basal nuclei. 


eerebral White Matter Most of the remaining eere- 

bral hemisphere tissue—the deeper eerebral 
white matter (see Figure 7.13a and Figure 7.15)— 
is eomposed of fiber traets earrying impulses to, 
from, or within the cortex. One very large fiber 
traet, the corpus callosum (kah-lo'sum), eonneets 
the eerebral hemispheres (Figure 7.15 and Figure 
7.16). Such fiber traets are ealled commissures. The 
corpus callosum arehes above the structures of the 
brain stem and allows the eerebral hemispheres to 
communicate with one another. This is important 
because, as already noted, some of the eortieal 
functional areas are in only one hemisphere. 
Assoeiation fiber traets eonneet areas within a hemi- 
sphere, and projeetion fiber traets eonneet the eere- 
bmm with lower CNS eenters. 

Basal Nildei Although most of the gray matter is 
in the eerebral cortex, there are several “islands” of 


gray matter, ealled the basal nuclei, or basal gan- 
glia,* buried deep within the white matter of the 
eerebral hemispheres (see Figure 7.15). The basal 
nuclei help regulate voluntary motor aetivities by 
modifying instmetions (particularly in relation to 
starting or stopping movement) sent to the skeletal 
muscles by the primary motor cortex. A tight band 
of projeetion fibers, ealled the internal eapsnle, 
passes between the thalamus and the basal nuclei. 

HOMEOSTATIC IMBALANCE 

Individuals who have problems with 
their basal nuclei are often unable to walk normally 



*The term basal ganglia is a historieal misnomer. Ganglia are 
peripheral nervous system structures, but the basal ganglia 
are eolleetions of nerve eell bodies in the CNS. Henee, basal 
nuclei is a more accurate term. 


















Chapter7: The Nervous System 


Third ventriele 


Anterior 


commissure 


Hypothalamus 


Optie ehiasma 


Pituitary gland 



Cerebral hemisphere 


Corpus callosum 

Choroid plexus of third 
ventriele 

Oeeipital lobe of 
eerebral hemisphere 

Thalamus 

(eneloses third ventriele) 

Pineal gland 

(part of epithalamus) 

Corpora 
quadrigemina 

Cerebral 
aqueduct 


Midbrain 


Pons 


Medulla oblongata 

Spinal eord 


Cerebral peduncle 
of midbrain 

Fourth ventriele 
Choroid plexus 
Cerebellum 


(a) 


Figure 7.16 Dieneephalon and 
brain stem structures. (a) A midsagittal 
seetion of the brain illustrating the 
dieneephalon (purple) and brain stem 
(green). (b) The reticular formation, which 
extends the length of the brain stem. 
Aseending arrows indieate sensory input 
to the cerebrum. Deseending arrows 
indieate efferent output of reticular 
neurons. 
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or earry out other vohmtary movements in the nor- 
mal way. Hnntingtorìs disease (or Huntingtorìs 
ehorea ) and Parkinsorìs disease are two examples 
of such syndromes. See “A Closer Look” on 

pp. 252-253. » 

DID YOU GET IT 

12. VVhat are the three major regions of the eerebmm? 

13. VVhat is the eomposition of vvhite matter of the brain? 

For answers, see Appendix D. 


Dieneephalon 

The dieneephalon, or interbrain, sits atop the 
brain stem and is enelosed by the eerebral hemi- 
spheres (see Figure 7.12). The major structures of 
the dieneephalon are the thalamus, hypothalamns, 
and epithalamus (Figure 7.16). The thalamus, 
which eneloses the shallow third ventriele of the 
brain, is a relay station for sensory impulses pass- 
ing upward to the sensory cortex. As impulses 
surge through the thalanms, we have a emde 
reeognition of whether the sensation we are about 
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to have is pleasant or unpleasant. It is the neurons 
of the sensory cortex that actually loealize and 
interpret the sensation. 

The hypothalamus (literally, “under the thal- 
amus”) makes up the floor of the dieneephalon. It 
is an important autonomic nervous system eenter 
because it plays a role in the regulation of body 
temperature, water balanee, and metabolism. The 
hypothalamus is also the eenter for many drives 
and emotions, and as such it is an important part 
of the so-ealled limbie system, or “emotional- 
viseeral brain.” For example, thirst, appetite, sex, 
pain, and pleasure eenters are in the hypothala- 
mus. Additionally, the hypothalamus regulates the 
pituitary gland (an endoerine organ) and produces 
two hormones of its own. The pituitary gland 
hangs from the anterior floor of the hypothalamus 
by a slender stalk. (We discuss its function in 
ehapter 9.) The mammillary bodies, reflex een- 
ters involved in olfaetion (the sense of smell), 
bulge from the floor of the hypothalamus poste- 
rior to the pituitary gland. 

The epithalamus (ep"i-thal'ah-mus) forms 
the roof of the third ventriele. Important parts of 
the epithalamus are the pineal gland (part of the 
endoerine system) and the ehoroid (ko'roid) 
plexus of the third ventriele. The ehoroid plexuses, 
knots of eapillaries within eaeh ventriele, form the 
eerebrospinal fluid. 

Brain Stem 

The brain stem is about the size of a thumb in 
diameter and approximately 3 inehes (approxi- 
mately 7.5 em) long. Its structures are the 
midbrain, pons , and medulla oblongata. In addi- 
tion to providing a pathway for aseending and 
deseending traets, the brain stem has many small 
gray matter areas. These nuclei produce the rigidly 
programmed autonomic behaviors neeessary for 
survival. In addition, some are assoeiated with the 
eranial nerves and eontrol vital aetivities such as 
breathing and blood pressure. Identify the brain 
stem areas in Figure 7.16 as you read their deserip- 
tions that follow. 

Midbraiíl The midbrain is a relatively small part 
of the brain stem. It extends from the mammillary 
bodies to the pons inferiorly. The eerebral 
aqueduct, a tiny eanal that travels through the mid- 
brain, eonneets the third ventriele of the dien- 
eephalon to the fourth ventriele below. Anteriorly, 


the midbrain is eomposed primarily of two bulging 
fiber traets, the eerebral peduncles (literally, “lit- 
tle feet of the eerebmm”), which eonvey aseend- 
ing and deseending impulses. Dorsally loeated are 
four rounded protmsions ealled the eorpora 
quadrigemina (kor' por-ah kwah"dri -jem'I-nah) 
because they reminded some anatomist of two 
pairs of twins (gemini ). These bulging nuclei are 
reflex eenters involved with vision and hearing. 

Pons The pons (ponz) is the rounded structure 
that protmdes just below the midbrain. Pons 
means “bridge,” and this area of the brain stem is 
mostly fiber traets. However, it does have impor- 
tant nuclei involved in the eontrol of breathing. 

Medulla Oblongata The medulla oblongata (mé- 

dul'ah ob'long-gà'tah) is the most inferior part of 
the brain stem. It merges into the spinal eord be- 
low without any obvious ehange in structure. Like 
the pons, the medulla is an important fiber traet 
area. The medulla also eontains many nuclei that 
regulate vital viseeral aetivities. It eontains eenters 
that eontrol heart rate, blood pressure, breathing, 
swallowing, and vomiting, among others. The 
fourth ventriele lies posterior to the pons and 
medulla and anterior to the cerebellum. 

Reticular Formation Extending the entire length of 
the brain stem is a diffuse mass of gray matter, the 
reticular formation. The neurons of the reticular 
formation are involved in motor eontrol of the vis- 
eeral organs. A speeial group of reticular formation 
neurons, the reticular aetivating system (RAS), 
plays a role in consciousness and the awake/sleep 
eyele (Figure 7.l6b). The RAS also aets as a filter for 
the flood of sensory inputs that streams up the 
spinal eord and brain stem daily. Weak or repetitive 
signals are filtered out, but unusual or strong im- 
pulses do reaeh consciousness. Damage to this area 
ean result in permanent unconsciousness (eoma). 

Cerebellum 

The large, cauliflower-like cerebellum (ser"e- 
bel'um) projeets dorsally from under the oeeipital 
lobe of the eerebmm. Like the eerebmm, the eere- 
bellum has two hemispheres and a convoluted 
surface. The cerebellum also has an outer cortex 
made up of gray matter and an inner region of 
white matter. 

The cerebellum provides the preeise timing for 
skeletal muscle aetivity and eontrols our balanee 
and equilibrium. Because of its aetivity, body 
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movements are smooth and eoordinated. It plays 
its role less well when it is sedated by aleohol. 
Fibers reaeh the eerebelliim from the equilibrium 
apparatus of the inner ear, the eye, the proprio- 
eeptors of the skeletal muscles and tendons, and 
many other areas. The cerebellum ean be eompared 
to an automatic pilot, continuously eomparing 
the brain’s “intentions” with actual body perfor- 
manee by monitoring body position and amount of 
tension in various body parts. When needed, it 
sends messages to initiate the appropriate eorree- 
tive measures. 

HOMEOSTATIC IMBALANOE 

If the eerebelhim is damaged (for exam- 
ple, by a blow to the head, a tumor, or a stroke), 
movements beeome clumsy and disorganized—a 
eondition ealled ataxia. Vietims eannot keep their 
balanee and may appear to be dmnk because of 
the loss of muscle eoordination. They are no 
longer able to touch their finger to their nose with 
eyes elosed—a feat that normal individuals aeeom- 
plish easily. ) 

DID YOU GET IT 

14. Which brain region eontrols such vital aetivities as 
breathing and blood pressure—eerebmm, brain stem, 
or cerebellum? 

15. What is the function of the cerebellum? 

16. In what major brain region are the thalamus, 
hypothalamus, and pineal gland found? 

For answers, see Appendix D. 

Proteetion of the Oentral 
Nervous System 

,Z Name the three meningeal layers, and state their 
functions. 

,Z Discuss the formation and function of eerebrospinal 
fluid and the blood-brain barrier. 

Nervous tissue is very soft and delieate, and the irre- 
plaeeable neurons are injured by even the slightest 
pressure. Nature has tried to proteet the brain and 
spinal eord by enelosing them within bone (the skull 
and veitebral column), membranes (the meninges), 
and a watery cushion (eerebrospinal fluid). The so- 
ealled blood-brain barrier provides proteetion from 
harmful substances in the blood. We have already 
eonsidered the bony enclosures (ehapter 5), so we 
will focus on the other proteetions here. 



Meninges 

The three eonneetive tissue membranes eovering 
and proteeting the CNS structures are meninges 
(mé-nin'jèz) (Figure 7.17). The outermost layer, 
the leathery dura mater (du'rah ma'ter), meaning 
“tough or hard mother,” is a double-layered mem- 
brane where it surrounds the brain. One of its lay- 
ers is attaehed to the inner surface of the skull, 
forming the periosteum (periosteal layer). The 
other, ealled the meningeal layer, forms the outer- 
most eovering of the brain and continues as the 
dura mater of the spinal eord. The dural layers are 
fused together except in three areas where they 
separate to enelose dural venous sinuses that eol- 
leet venous blood. 

In several plaees, the inner dural membrane 
extends inward to form a fold that attaehes the 
brain to the eranial eavity. Two of these folds, the 
falx (falks) eerebri and the tentorium eerebelli, 
separating the cerebellum from the eerebmm, are 
shown in Figure 7.17. 

The middle meningeal layer is the weblike 
araehnoid (ah-rak'noid) mater (see Figure 7.17). 
Araehnida means “spider,” and some think the 
araehnoid membrane looks like a cobweb. Its 
threadlike extensions span the subarachnoid 
spaee to attaeh it to the innermost membrane, the 
pia (pi'ah) mater (“gentle mother”). The delieate 
pia mater elings tightly to the surface of the brain 
and spinal eord, following every fold. 

The subarachnoid spaee is filled with eere- 
brospinal fluid. Speeialized projeetions of the 
araehnoid membrane, araehnoid villi (vih'li), 
protmde through the dura mater. The eere- 
brospinal fluid is absorbed into the venous blood 
in the dural sinuses through the araehnoid villi. 

HOMEOSTATie IMBALANCE 

Meningitis, an inflammation of the 
meninges, is a serious threat to the brain because 
baeterial or viral meningitis may spread into the 
nervous tissue of the CNS. This eondition of brain 
inflammation is ealled eneephalitis (en-sef-ah- 
li'tis). Meningitis is usually diagnosed by taking a 
sample of eerebrospinal fluid from the subarach- 
noid spaee. ) 

Oerebrospinal Fluid 

Cerebrospinal (ser"e-bro-spi'nal) fluid (CSF) is 

a watery “broth” similar in its makeup to blood 
plasma, from which it forms. However, it eontains 
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What would be the consequence of bloeked araehnoid villi? 
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Figure 7.17 Meninges 
of the brain. (a) Three- 
dimensional frontal seetion 
showing the meninges—the 
dura mater, araehnoid mater, 
and pia mater—that surround 
and proteet the brain. The 
relationship of the dura mater 
to the falx eerebri and the 
superior sagittal (dural) sinus 
is also shown. (b) Posterior 
view of the brain in plaee 
surrounded by the dura 
mater. 
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less protein and more vitamin C, and its ion eom- 
position is different. 

CSF is continually formed from blood by the 
ehoroid plexuses. ehoroid plexuses are clusters of 
eapillaries hanging from the “roof’ in eaeh of the 
brain’s ventrieles. The CSF in and around the 
brain and eord forms a watery cushion that pro- 
teets the fragile nervous tissue from blows and 
other trauma. 


Inside the brain, CSF is continually moving as 
indieated by the numbered pathway in Figure 
7.18c. It circulates from the two lateral ventrieles 
(in the eerebral hemispheres) into the third ventri- 
ele (in the dieneephalon), and then through the 
eerebral aqueduct of the midbrain into the fourth 
ventriele dorsal to the pons and medulla oblon- 
gata. Some of the fluid reaehing the fourth ventri- 
ele simply continues down into the spinal eord, but 
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CSF is produced by the 
ehoroid plexus of eaeh ventriele. 

CSF flows through the ventrieles 
into the subarachnoid spaee via 
the median and lateral apertures. 
Some CSF flows through the eentral 
eanal of the spinal eord. 


(e) CSF circulation 


@CSF flows through the 
subarachnoid spaee. 


© CSF is absorbed into the dural 
venous sinuses via the araehnoid villi. 


Figure 7.18 Ventrieles and loeation of the eerebrospinal fluid. 

(a, b) Three-dimensional views of the ventrieles of the brain. (e) Circulatory pathway 
of the eerebrospinal fluid (indieated by arrows) within the eentral nervous system and 
the subarachnoid spaee. (The relative position of the right lateral ventriele is indieated 
by the pale blue area deep to the corpus callosum.) 
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Figure 7.19 Hydrocephalus in a newborn. 


most of it circulates into the subarachnoid spaee 
through three openings, the paired lateral aper- 
tures and the median aperture (<aper = open), in 
the walls of the fourth ventriele. The CSF returns to 
the blood in the dural venous sinuses through the 
araehnoid villi. 

Ordinarily, CSF forms and drains at a eonstant 
rate so that its normal pressure and volume (150 ml 
—about half a cup) are maintained. Any signifieant 
ehanges in CSF eomposition (or the appearanee of 
blood eells in it) may be a sign of meningitis or 
eertain other brain pathologies (such as tumors 
and multiple selerosis). The CSF sample for testing 
is obtained by a procedure ealled a Imnbar 
(spinal) tap. Because the withdrawal of fluid for 
testing deereases CSF fluid pressure, the patient 
must remain in a horizontal position (lying down) 
for 6 to 12 hours after the procedure to prevent an 
agonizingly painful “spinal headaehe.” 

HOMEOSTATIC IMBALANCE 

If something obstmets its drainage 
(for example, a tumor), CSF begins to accumulate 
and exert pressure on the brain. This eondition 
is hydrocephalus (hi-dro-sef'ah-lus), literally, 
“water on the brain.” Hydrocephalus in a new- 
born baby causes the head to enlarge as the 
brain inereases in size (Figure 7.19). This is pos- 



sible in an infant because the skull bones have 
not yet fused. However, in an adult this eondition 
is likely to result in brain damage because the 
skull is hard, and the accumulating fluid emshes 
soft nervous tissue. Today hydrocephalus is 
treated surgically by inserting a shunt (a plastie 
tube) to drain the excess fluid into a vein in the 
neek or into the abdomen. ) 

The Blood-Braín Barrier 

No other body organ is so absolutely dependent 
on a eonstant internal environment as is the brain. 
Other body tissues ean withstand the rather small 
fluctuations in the eoneentrations of hormones, 
ions, and nutrients that continually occur, particu- 
larly after eating or exercising. If the brain were 
exposed to such ehemieal ehanges, uncontrolled 
neural aetivity might result—remember that eer- 
tain ions (sodium and potassmm) are involved 
in initiating nerve impulses, and some amino 
aeids serve as neurotransmitters. Consequently, 
neurons are kept separated from bloodborne sub- 
stanees by the so-ealled blood-brain barrier, 
eomposed of the least permeable eapillaries in the 
whole body. These eapillaries are almost seam- 
lessly bound together by tight junctions all 
around. Of water-soluble substances, only water, 
glucose, and essential amino aeids pass easily 
through the walls of these eapillaries. Metabolie 
wastes, such as urea, toxins, proteins, and most 
dmgs, are prevented from entering the brain tis- 
sue. Nonessential amino aeids and potassium ions 
not only are prevented from entering the brain, 
but also are aetively pumped from the brain into 
the blood aeross eapillary walls. Although the 
bulbous “feet” of the astroeytes that eling to the 
eapillaries may contribute to the barrier, the rela- 
tive impermeability of the brain eapillaries is most 
responsible for providing this proteetion. 

The blood-brain barrier is virtually useless 
against fats, respiratory gases, and other fat-soluble 
molecules that diffuse easily through all plasma 
membranes. This explains why bloodborne aleo- 
hol, nieotine, and anestheties ean affeet the brain. 


DID YOU GET IT r 

17. What name is given to the eerebrospinal fluid—filled 
eavities within the brain? 

18. What name is given to the barrier that proteets the 
brain from toxic ehemieals? 
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19. VVhieh meningeal layer provides the means for 

draining eerebrospinal fluid baek into the blood—dura 
mater, araehnoid mater, or pia mater? 

For answers, see Appendix D. 

Brain Dysfunctions 

Oompare the signs of a CVA vvith those of Alzheimer’s 
disease; of a contusion vvith those of a concussion. 

Define EEG, and explain hovv it evaluates neural 
functioning. 

HOMEOSTATIC IMBALANCE 

Brain dysfunctions are unbelievably 
varied. We mention some of them (the “terrible 
three” in “A Closer Look” on pp. 252-253), and 
we will discuss developmental problems in the 
final seetion of this ehapter. Here, we will focus 
on traumatic brain injuries and cerebrovascular 
aeeidents. We deseribe techniques used to diag- 
nose many brain disorders in “A Closer Look” on 

pp. 270-271. 

Traumatic Brain lnjuries 

Head injuries are a leading cause of aeeidental 
death in the LJnited States. Consider, for example, 
what happens when you forget to fasten your seat 
belt and then erash into the rear end of another 
ear. Your head is moving and then is suddenly 
stopped as it hits the windshield. Brain damage is 
caused not only by injury at the site of the blow, 
but also by the effeet of the rieoeheting brain hit- 
ting the opposite end of the skull. 

A concussion occurs when brain injury is 
slight. The vietim may be dizzy, “see stars,” or 
lose consciousness briefly, but no permanent 
brain damage occurs. A brain contusion is the 
result of marked tissue destmetion. If the eere- 
bral cortex is injured, the individual may remain 
conscious, but severe brain stem contusions al- 
ways result in a eoma lasting from hours to a 
lifetime because of injury to the reticular aetivat- 
ing system. 

After head blows, death may result from 
intraeranial hemorrhage (bleeding from rup- 
tured vessels) or eerebral edema (swelling of the 
brain due to inflammatory response to injury). 
Individuals who are initially alert and lucid follow- 
ing head trauma and then begin to deteriorate 
neurologically later are most likely hemorrhaging 
or suffering the consequences of edema, both of 
which eompress vital brain tissue. 



Cerebrovascular Aeeident 

Commonly ealled strokes , cerebrovascular 
(ser"e-bro-vas'ku-lar) aeeidents (CVAs) are the 
third leading cause of death in the United States. 
CVAs occur when blood circulation to a brain 
area is bloeked, as by a blood elot or a ruptured 
blood vessel, and vital brain tissue dies. After a 
CVA, it is often possible to determine the area of 
brain damage by observing the patient’s symp- 
toms. For example, if the patient has left-sided 
paralysis (a one-sided paralysis is ealled 
hemiplegia), the right motor cortex of the 
frontal lobe is most likely involved. Aphasias 
(ah-fa'ze-ahz) are a eommon result of damage to 
the left eerebral hemisphere, where the language 
areas are loeated. There are many types of 
aphasias, but the most eommon are motor apha- 
sia, which involves damage to Broea’s area and a 
loss of ability to speak, and sensory aphasia, in 
which a person loses the ability to understand 
written or spoken language. Aphasias are mad- 
dening to the vietims because, as a rule, their in- 
telleet is unimpaired. Brain lesions ean also cause 
marked ehanges in a person’s disposition (for ex- 
ample, a ehange from a sunny to a foul personal- 
ity). In such eases, a tumor as well as a CVA 
might be suspected. 

Fewer than a third of those surviving a CVA 
are alive three years later. Even so, the picture is 
not hopeless. Some patients reeover at least part 
of their lost faculties because undamaged neurons 
spread into areas where neurons have died and 
take over some lost functions. Indeed, most of the 
reeovery seen after brain injury is due to this phe- 
nomenon. 

Not all strokes are “eompleted.” Temporary 
brain isehemia, or restrietion of blood flow, is 
ealled a transient isehemie attaek (TIA). TIAs 
last from 5 to 50 minutes and are eharaeterized by 
symptoms such as numbness, temporary paralysis, 
and impaired speeeh. Although these defeets are 
not permanent, they do constitute “red flags” that 
warn of impending, more serious CVAs. ) 


DID YOU GET IT 



20 . A person has suffered a bonk on the head with a 
baseball and then soon beeomes eomatose. Has he 
suffered a concussion or a contusion? 

For the answer, see Appendix D. 




/1 eoseriook 



What do former President Reagan 
and aetor Miehael J. Fox have in 
eommon? Not much, other than the 
faet that eaeh was or is a vietim of 
one of the terrible three CNS 
degenerative diseases. 

Alzheimer’s (altz'hi-merz) 
disease (AD) is a progressive 
degenerative disease of the brain 
that ultimately results in dementia 
(mental deterioration). Alzheimer’s 
patients represent nearly half of all 
people in nursing homes. Between 
5 and 15 pereent of people over 
65 develop this eondition, and for 
up to half of those over 85 it is a 
major contributing cause in 
their deaths. 

Its vietims, which include 
President Reagan, exhibit memory 
loss (particularly for reeent events), 
a short attention span and 
disorientation, and eventual 
language loss. Over a period of 
several years, formerly good- 
natured people may beeome 
irritable, moody, confused, and 
sometimes violent. Llltimately, 
hallucinations occur. 

AD is assoeiated with a shortage 
of aeetyleholine (ACh) and with 
structural ehanges in the brain, 
particularly in areas involved with 
thought and memory. The gyri 
shrink, and the brain atrophies. 

Its preeise cause is unknown, 
but some eases of AD appear to 
run in families. 

Mieroseopie examinations of 
brain tissue reveal senile plaques 
(aggregations of beta-amyloid 
peptide) littering the brain like 


shrapnel between the neurons. It 
has been fmstratingly difficult for 
researehers to uncover how 
beta-amyloid peptide aets as a 
neurotoxin, particularly because it is 
also present in healthy brain eells 
(but in lower amounts). Just what 
tips things off balanee to favor 
production of more beta-amyloid is 
not understood, but it is known that 
this tiny peptide does its damage by 
enhaneing calcium entry into eertain 
brain neurons. 

Another line of researeh has 
implieated a protein ealled tau, 
which appears to function like 
railroad ties to bind microtubule 
“traeks” together. In the brains of 
AD vietims, tau abandons its 
microtubule stabilizing role and 
grabs onto other tau molecules, 
forming spaghetti-like neurofibrillary 
tangles within neuron eell bodies. 
These degenerative ehanges 
develop over a period of several 
years, during which time the family 
members watch the person they 
love “disappear.” It is a long and 
painful proeess. It is hoped that the 
lines of investigation, particularly 
stem eell researeh, will eventually 
merge and point to a treatment, but 
at present drugs that ease 
symptoms by inhibiting ACh 
breakdown are most useful. 

Parkinson’s disease, an 
example of basal nuclei problems, 
typieally strikes people in their fifties 
and sixties (Miehael J. Fox is an 
unlucky exception). It results from 
a degeneration of the dopamine- 
releasing neurons of the substantia 


nigra of the midbrain. As those 
neurons deteriorate, the dopamine- 
deprived basal nuclei they target 
beeome overaetive, causing the 
well-known symptoms of the 
disease. Afflieted individuals, 
including Miehael J. Fox, have a 
persistent tremor at rest (exhibited 
by head nodding and a “pill-rolling” 
movement of the fingers), a forward- 
bent walking posture and shuffling 
gait, and a stiff faeial expression. In 
addition, they have trouble initiating 
movement or getting their muscles 
going. 

The cause of Parkinson’s disease 
is still unknown. The drug L-dopa, 
which is eonverted to dopamine in 
the brain, helps to alleviate some 
of the symptoms. However, L-dopa 
is not a cure, and as more and 
more neurons die off, it beeomes 
ineffeetive. It also has undesirable 
side effeets: severe nausea, 
dizziness, and in some, liver 
damage. A newer treatment drug 
is deprenyl. When given early on 
in the disease, deprenyl slows the 
breakdown of dopamine, which 
deereases the rate of neurological 
deterioration to some extent 
and delays the need to administer 
L-dopa for up to 18 months. Later 
in the disease, deprenyl ean prolong 
the effeetiveness of L-dopa. 

Deep-brain (thalamie) stimulation 
via implanted eleetrodes has proved 
helpful in alleviating tremors. 
However, it does little else and it 
is a risky and expensive procedure. 
More promising for long-term results 
are the intrabrain transplants of 

















embryonie substantia nigra tissue, 
genetieally engineered adult nigral 
eells, or dopamine-producing eells 
from fetal pigs; all these have 
produced some regression of 
disease symptoms. However, the 
use of fetal tissue is eontroversial 
and riddled with ethieal and legal 
roadbloeks. 

Huntington’s disease is a 

genetie disease that strikes during 
middle age and leads to massive 
degeneration of the basal nuclei and 


later of the eerebral cortex. Its initial 
symptoms in many are wild, jerky, 
and almost continuous flapping 
movements ealled ehorea (Greek for 
“danee”). Although the movements 
appear to be voluntary, they are not. 
Late in the disease, marked mental 
deterioration occurs. Huntington’s 
disease is progressive and usually 
fatal within 15 years of onset of 
symptoms. 

The signs and symptoms of 
Huntington’s disease are essentially 


the opposite of those of Parkinson’s 
disease (overstimulation rather than 
inhibition of the motor drive), and 
Huntington’s is usually treated with 
drugs that bloek, rather than 
enhanee, dopamine’s effeets. As you 
ean see, neurotransmitters, which 
are the “vocabulary” of neurons, ean 
cause garbled neural language when 
things go wrong. As with Parkinson’s 
disease, fetal tissue or stem eell 
implants may provide promise for its 
treatment in the future. 


Spinal Cord 

List two important functions of the spinal eord. 
Deseribe spinal eord structure. 

The eylindrieal spinal eord, which is approxi- 
mately 17 inehes (42 em) long, is a glistening 
white continuation of the brain stem. The spinal 
eord provides a two-way conduction pathway to 
and from the brain, and it is a major reflex eenter 
(spinal refiexes are eompleted at this level). 
Enelosed within the vertebral column, the spinal 


eord extends from the foramen magnum of the 
skull to the first or seeond lumbar vertebra, where 
it ends just below the ribs (Figure 7.20). Like the 
brain, the spinal eord is cushioned and proteeted 
by meninges. Meningeal eoverings do not end at 
the seeond lumbar vertebra (L 2 ) but instead ex- 
tend well beyond the end of the spinal eord in the 
vertebral eanal. Because there is no possibility of 
damaging the eord beyond L 3 , the meningeal sae 
inferior to that point provides a nearly ideal spot 
for removing CSF for testing. 
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Figure 7.20 Anatomy of the spínal eord, 
posterior view. 


In humans, 31 pairs of spinal nerves arise from 
the eord and exit from the vertebral column to serve 
the body area elose by. The spinal eord is about the 
size of a thumb for most of its length, but it is obvi- 
ously enlarged in the eervieal and lumbar regions 
where the nerves serving the upper and lower limbs 
arise and leave the eord. Because the vertebral 


column grows faster than the spinal eord, the spinal 
eord does not reaeh the end of the vertebral eol- 
umn, and the spinal nerves leaving its inferior end 
must travel through the vertebral eanal for some dis- 
tanee before exiting. This eolleetion of spinal nerves 
at the inferior end of the veitebral eanal is ealled the 
cauda equina (kaw'da e-kwi'nah) because it looks 
so much like a horse’s tail (the literal translation of 
cauda equina). 

Gray Matter of the Spinal Cord 
and Spinal Roots 

The gray matter of the spinal eord looks like a but- 
terfly or the letter H in eross seetion (Figure 7.21). 
The two posterior projeetions are the dorsal, or 
posterior, horns; the two anterior projeetions are 
the ventral, or anterior, horns. The gray matter 
surrounds the eentral eanal of the eord, which 
eontains CSF. 

Neurons with speeifie functions ean be 
loeated in the gray matter. The dorsal horns eon- 
tain interneurons. The eell bodies of the sensory 
neurons, whose fibers enter the eord by the 
dorsal root, are found in an enlarged area ealled 
the dorsal root ganglion. If the dorsal root or 
its ganglion is damaged, sensation from the body 
area served will be lost. The ventral horns of the 
gray matter eontain eell bodies of motor neurons 
of the somatie (voluntary) nervous system, which 
send their axons out the ventral root of the 
eord. The dorsal and ventral roots fuse to form 
the spinal nerves. 

HOMEOSTATIC IMBALANCE 

Damage to the ventral root results in a 
flaeeid paralysis of the muscles served. In fiaeeid 
paralysis, nerve impulses do not reaeh the muscles 
affeeted; thus, no vohmtary movement of those 
muscles is possible. The muscles begin to atrophy 
because they are no longer stimulated. ) 

White Matter of the Spinal Cord 

White matter of the spinal eord is eomposed of 
myelinated fiber traets—some mnning to higher 
eenters, some traveling from the brain to the eord, 
and some conducting impulses from one side of 
the spinal eord to the other (Figure 7.22). 

Because of the irregular shape of gray matter, 
the white matter on eaeh side of the eord is di- 
vided into three regions—the dorsal, lateral, and 
ventral columns. Eaeh of the columns eontains a 
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Figure 7.21 Spinal eord with meninges (three-dimensional view). 


number of fiber traets made up of axons with the 
same destination and function. Traets conducting 
sensory impulses to the brain are sensory, or 
afferent, traets. Those earrying impulses from the 
brain to skeletal muscles are motor, or efferent, 
traets. All traets in the dorsal columns are aseend- 
ing traets that earry sensory input to the brain. The 
lateral and ventral traets eontain both aseending 
and deseending (motor) traets. 

HOMEOSTATIC IMBALANOE 

If the spinal eord is transeeted (cut 
crosswise) or emshed, spastie paralysis results. 
The affeeted muscles stay healthy because they 
are still stimulated by spinal refiex ares, and move- 
ment of those muscles does occur. However, 
movements are involuntary and not eontrollable, 
and this ean be as much of a problem as eomplete 
laek of mobility. In addition, because the spinal 
eord earries both sensory and motor impulses, a 
loss of feeling or sensory input occurs in the body 
areas below the point of eord destmetion. 
Physieians often use a pin to see whether a person 
ean feel pain after spinal eord injury—to find out 



whether regeneration is occurring. Pain is a hope- 
ful sign in such eases. If the spinal eord injury 
occurs high in the eord, so that all four limbs are 
affeeted, the individual is a quadriplegic (kwod"rì- 
ple'jik). If only the legs are paralyzed, the individ- 
ual is a paraplegie (par"à-ple'jik). ) 

DID YOU GET IT 

21 . VVhat is foiind in the gray matter of the spinal eord? 

22 . VVhieh spinal eord pathways are sensory pathways— 
aseending or deseending? 

23. VVhy is the leash of nerve fibers at the end of the 
spinal eord ealled the cauda equina? 

For ansvvers, see Appendix D. 

Peripheral Nervous 
System 

The peripheral nervous system (PNS) eonsists 
of nerves and seattered groups of neuronal eell 
bodies (ganglia) found outside the CNS. We have 
already eonsidered one type of ganglion—the 
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Figure 7.22 Sehematie of aseending (sensory) and deseending (motor) 
pathvvays betvveen the brain and the spinal eord. 


dorsal root ganglion of the spinal eord. We will 
eover others in the discussion of the autonomic 
nervous system. Here, we will eoneern ourselves 
only with nerves. 

Structure of a Nerve 

Deseribe the general structure of a nerve. 

As noted earlier in this ehapter, a nerve is a bun- 
dle of neuron fibers found outside the CNS. Within 


a nerve, neuron fibers, or proeesses, are wrapped 
in proteetive eonneetive tissue eoverings. Eaeh 
fiber is surrounded by a delieate eonneetive tissue 
sheath, an endoneurium (en"do-nu're-um). 
Groups of fibers are bound by a eoarser eonnee- 
tive tissue wrapping, the perineurium (per"í- 
nu're-um), to form fiber bundles, or faseieles. 
Finally, all the faseieles are bound together by a 
tough fibrous sheath, the epineurium, to form 
the eordlike nerve (Figure 7.23). 
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Like neurons, nerves are elassified aeeording 
to the direetion in which they transmit impulses. 
Nerves earrying both sensory and motor fibers are 
ealled mixed nerves; all spinal nerves are mixed 
nerves. Nerves that earry impulses toward the CNS 
only are ealled sensory, or afferent, nerves, 
whereas those that earry only motor fibers are 
motor, or efferent, nerves. 

Cranial Nerves 

Identify the eranial nerves by number and by name, 
and list the major functions of eaeh. 

The 12 pairs of eranial nerves primarily serve the 
head and neek. Only one pair (the vagus nerves) 
extends to the thoraeie and abdominal eavities. 

The eranial nerves are numbered in order, and 
in most eases their names reveal the most important 
structures they eontrol. The eranial nerves are 
deseribed by name, number, course, and major 
function in Table 7.1. The last column of the table 
deseribes how eranial nerves are tested, which is an 
important part of any neurological examination. 
You do not need to memorize these tests, but this 
information may help you understand eranial nerve 
function. As you read through the table, also look 
at Figure 7.24 on p. 260, which shows the loeation 
of the eranial nerves on the brain’s anterior surface. 

Most eranial nerves are mixed nerves; how- 
ever, three pairs, the optie, olfaetory, and vestibu- 
loeoehlear (ves-tib"u-lo-kokTe-ar) nerves, are 
purely sensory in function. (The older name for 
the vestibulocochlear nerve is aeonstie nerve, a 
name that reveals its role in hearing but not in 
equilibrium.) I give my students the following little 
saying as a memory jog to help them remember 
the eranial nerves in order; perhaps it will help 
you, too. The first letter of eaeh word in the saying 
(and both letters of “ah”) is the first letter of the 
eranial nerve to be remembered: “Oh, oh, oh, to 
touch and feel very good velvet, ah.” 

Spinal Nerves and Nerve Plexuses 

Deseribe the origin and fiber eomposition of (1) ventral 
and dorsal roots, (2) the spinal nerve proper, and 
(3) ventral and dorsal rami. 

Name the four major nerve plexuses, give the major 
nerves of eaeh, and deseribe their distribution. 

The 31 pairs of human spinal nerves are 
formed by the eombination of the ventral and 
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Figure 7,23 Structure of a nerve. Three- 
dimensional view of a portion of a nerve, showing its 
eonneetive tissue wrappings. 

dorsal roots of the spinal eord. Although eaeh of 
the eranial nerves issuing from the brain is 
named speeifieally, the spinal nerves are named 
for the region of the eord from which they arise. 
Figure 7.25 on p. 26l shows how the nerves are 
named in this seheme. 

Almost immediately after being formed, eaeh 
spinal nerve divides into dorsal and ventral 
rami (ra'mi), making eaeh spinal nerve only 
about b ineh long. The rami, like the spinal 
nerves, eontain both motor and sensory fibers. 
Thus, damage to a spinal nerve or either of its 
rami results both in loss of sensation and in flae- 
eid paralysis of the area of the body served. The 
smaller dorsal rami serve the skin and muscles of 
the posterior body trunk. The ventral rami of 
spinal nerves T^ through T 12 form the intereostal 
nerves, which supply the muscles between the 

(Continues on page 261) 
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Table 7.1 

The Granial Nerves 



Name/number 

Origin/course 

Fimetion 

Test 

1. Olfaetory 

Fibers arise from olfaetory 

Purely sensory; earries 

Subject is asked to sniff 


reeeptors in the nasal 

impulses for the sense 

and identify aromatie 


mucosa and synapse with 

of smell 

substances, such as oil 


the olfaetory bulbs (which, 
in turn, send fibers to the 
olfaetory cortex) 


of eloves or vanilla 

II. Optie 

Fibers arise from the retina 

Purely sensory; earries 

Vision and visual field 


of the eye and form the 

impulses for vision 

are tested with an eye 


optie nerve. The two optie 


ehart and by testing the 


nerves form the optie 


point at which the 


ehiasma by partial 


subject first sees an 


erossover of fibers; the 


objeet (finger) moving 


fibers continue to the optie 


into the visual field; eye 


cortex as the optie traets 


interior is viewed with an 
ophthalmoseope 

III. Oculomotor 

Fibers run from the 

Supplies motor fibers 

Pupils are examined for 


midbrain to the eye 

to four of the six 

size, shape, and size 



muscles (superior, inferior, 

equality; pupillary reflex 



and medial rectus, and 

is tested with a penlight 



inferior oblique) that 

(pupils should eonstriet 



direet the eyeball; to the 

when illuminated); eye 



eyelid; and to the internal 

eonvergenee is tested, 



eye muscles eontrolling 

as is the ability to follow 



lens shape and pupil size 

moving objeets 

IV. Troehlear 

Fibers run from the 

Supplies motor fibers for 

Tested in eommon with 


midbrain to the eye 

one external eye muscle 

eranial nerve III for the 



(superior oblique) 

ability to follow moving 
objeets 

V. Trigeminal 

Fibers emerge from the 

Conducts sensory impulses 

Sensations of pain, 


pons and form three 

from the skin of the faee 

touch, and temperature 


divisions that run to 

and mucosa of the nose 

are tested with a safety 


the faee 

and mouth; also eontains 

pin and hot and eold 



motor fibers that aetivate 

objeets; eorneal reflex 



the chewing muscles 

tested with a wisp of 
eotton; motor braneh 
tested by asking the 
subject to open mouth 
against resistanee and 
move jaw from side 
to side 

VI. Abducens 

Fibers leave the pons and 

Supplies motor fibers to 

Tested in eommon with 


run to the eye 

the lateral rectus muscle, 

eranial nerve III for the 



which rolls the eye laterally 

ability to move eaeh 
eye laterally 
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Table 7,1 (continued) 

Name/number 

Origin/course 

Function 

Test 

VII. Faeial 

Fibers leave the pons 
and run to the faee 

Aetivates the muscles of 
faeial expression and the 
laerimal and salivary 
glands; earries sensory 
impulses from the taste 
buds of anterior tongue 

Anterior two-thirds of 
tongue is tested for 
ability to taste sweet, 
salty, sour, and bitter 
substances; subject is 
asked to elose eyes, 
smile, whistle, ete.; 
tearing is tested with 
ammonia fumes 

VIII. Vestibulocochlear 

Fibers run from the 
equilibrium and hearing 
reeeptors of the inner 
ear to the brain stem 

Purely sensory; vestibular 
braneh transmits impulses 
for the sense of balanee, 
and eoehlear braneh 
transmits impulses for the 
sense of hearing 

Hearing is eheeked by air 
and bone conduction, 
using a tuning fork 

IX. Glossopharyngeal 

Fibers emerge from 
the medulla and run 
to the throat 

Supplies motor fibers to the 
pharynx (throat) that promote 
swallowing and saliva 
production; earries sensory 
impulses from taste buds 
of the posterior tongue and 
from pressure reeeptors of 
the earotid artery 

Gag and swallowing 
reflexes are eheeked; 
subject is asked to speak 
and cough; posterior 
tongue may be tested 
for taste 

X. Vagus 

Fibers emerge from the 
medulla and deseend 
into the thorax and 
abdominal eavity 

Fibers earry sensory impulses 
from and motor impulses 
to the pharynx, larynx, and 
the abdominal and thoraeie 
viseera; most motor fibers 
are parasympathetie fibers 
that promote digestive aetivity 
and help regulate heart aetivity 

Tested in eommon with 
eranial nerve IX, because 
they both serve muscles 
of the throat 

XI. Aeeessory 

Fibers arise from the 
superior spinal eord 
(C-|-C 5 )* and travel to 
muscles of the neek 

and baek 

Mostly motor fibers 
that aetivate the 
sternoeleidomastoid 
and trapezius muscles 

Sternoeleidomastoid and 
trapezius muscles are 
eheeked for strength by 
asking the subject to 
rotate head and shrug 
shoulders against 
resistanee 

XII. Hypoglossal 

Fibers run from the 
medulla to the tongue 

Motor fibers eontrol 
tongue movements; 
sensory fibers earry 
impulses from the 
tongue 

Subject is asked to stiek 
out tongue, and any 
position abnormalities 
are noted 


*Until reeently, it was thought that the aeeessory nerves also reeeived a contribution from eranial rootlets, but it has now been determined that 
in almost all people, these eranial rootlets are instead part of the vagus nerves. This raises an interesting question: Should the aeeessory 
nerves still be eonsidered eranial nerves? Some anatomists say “yes” because they pass through the cranium. Others say “no” because they 
don’t arise from the brain. Stay tuned! 
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■f— III Oculomotor 

- IV Troehlear 
VI Abducens 


VTrigeminal 


VII Faeial 


Ooehlear 

braneh 


VIII Vestibulocochlear 


IX Glossopharyngeal 


XI Aeeessory 




Figure 7,24 Distribution of eranial nerves. Sensory nerves are shovvn in blue, 
motor nerves in red. Although eranial nerves III, IV, and VI have sensory fibers, these are 
not shovvn because the sensory fibers aeeornt for only minor parts of these nerves. 
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Figure 7.25 Spinal nerves. (a) Relationship of spinal nerves 
to the vertebrae. Areas of plexuses formed by the anterior rami 
are indieated. (b) Relative distribution of the ventral and dorsal 
rami of a spinal nerve (eross seetion of the left trunk). 


(b) 



Spinal nerve 


ribs and the skin and muscles of the anterior and 
lateral tmnk. The ventral rami of all other spinal 
nerves form complex networks of nerves ealled 
plexuses, which serve the motor and sensory 


needs of the limbs. The four nerve plexuses are 
deseribed in Table 7.2; three of the four plexuses 
are shown in Figiire 7.26. 


(Continues on page 264) 
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Table 7.2 Spinal Nerve Plexuses 


Origin (from 

Important 

Body areas 

Result of damage to 

Plexus 

ventral rami) 

nerves 

served 

plexus or its nerves 

Cervical 

Ci-C 5 

Phrenie 

Diaphragm; skin and 

Respiratory paralysis (and 




muscles of shoulder 

death if not treated 




and neek 

promptly) 

Braehial 

C 5 -C 8 and 

Axillary 

Deltoid muscle and skin 

Paralysis and atrophy of 




of shoulder; muscles and 
skin of superior thorax 

deltoid muscle 



Radial 

Trieeps and extensor 

VVristdrop—inability to 




muscles of the forearm; 
skin of posterior upper limb 

extend hand at wrist 



Median 

Flexor muscles and skin 

Deereased ability to flex 




of forearm and some 

and abduct hand and flex 




muscles of hand 

and abduct thumb and 
index finger—therefore, 
inability to piek up small 
objeets 



Musculocutaneous 

Flexor muscles of arm; 

Deereased ability to flex 




skin of lateral forearm 

forearm on arm 



Lllnar 

Some flexor muscles of 

Clawhand —inability to 




foreamn; wrist and many 
hand muscles; skin of hand 

spread fingers apart 

Lumbar 

li-l 4 

Femoral (including 

Lower abdomen, anterior 

Inability to extend leg and 



lateral and anterior 

and medial thigh muscles 

flex hip; loss of cutaneous 



cutaneous branehes) 

(hip flexors and knee 
extensors), and skin of 
anteromedial leg and thigh 

sensation 



Obturator 

Adductor muscles of 
medial thigh and small 
hip muscles; skin of 
medial thigh and hip joint 

Inability to adduct thigh 

Saeral 

L 4 -L 5 and 

Seiatie (largest nerve 

Lower trunk and posterior 

Inability to extend hip 


S 1 -S 4 

in body; splits to 

surface of thigh (hip 

and flex knee; seiatiea 



eommon fibular and 
tibial nerves just 
above knee) 

extensors and knee flexors) 




• Common fibular 

Lateral aspeet of 

Footdrop—inability to 



(superficial and 
deep branehes) 

leg and foot 

dorsiflex foot 



• Tibial (including 

Posterior aspeet of 

Inability to plantar flex 



sural and plantar 

leg and foot 

and invert foot; 



branehes) 


shuffling gait 



Superior and inferior 

Gluteus muscles of hip 

Inability to extend hip 



gluteal 


(maximus) or abduct and 
medially rotate thigh (medius) 
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Axillary nerve 


i) The major nerves 
of the upper limb 


Humerus 


Radial 

nerve 



Musculo- 

cutaneous 


nerve 
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Ulnar nerve 

Radial nerve 
(superficial 


Median 

nerve 


Superior 
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Inferior 

gluteal 


Seiatie 
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femoral 


cutaneous 


Common 

fibular 


Tibial 
Sural (cut) 


Deep- 

fibular 

Superficial 

fibular 


Figure 7.26 Distribution of the 
major peripheral nerves of the 
upper and lower limbs. 
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(b) Lumbar plexus, 
anterior view 


(e) Saeral plexus, posterior view 
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DID YOU GET IT r 

24. Where is the epineurium loeated? 

25. Which eranial nerve pair is the only one to serve 
structures outside the head and neek? 

26. What is a nerve plexus? 

27. Ron has a horrible pain in his right buttock, thigh, and 
leg. He is told he has seiatiea. Which spinal nerve is 
involved, and what plexus does it belong to? 

For answers, see Appendix D. 

Autonomic Nervous System 

Identify the site of origin, and explain the function of 
the sympathetie and parasympathetie divisions of the 
autonomic nervous system. 

The autonomic nervous system (ANS) is the 

motor subdivision of the PNS that eontrols body 
aetivities automatically. It is eomposed of a spe- 
eialized group of neurons that regulate eardiae 
muscle (the heart), smooth muscles (found in the 
walls of the viseeral organs and blood vessels), 
and glands. Although all body systems contribute 
to homeostasis, the relative stability of our internal 
environment depends largely on the workings of 
the ANS. At every moment, signals fiood from the 
viseeral organs into the CNS, and the autonomic 
nervous system makes adjustments as neeessary to 
best support body aetivities. For example, blood 
flow may be shunted to more a needy” areas, heart 
and breathing rate may be speeded up or slowed 
down, blood pressure may be adjusted, and stom- 
aeh seeretions may be inereased or deereased. 
Most of this fine-tuning occurs without our aware- 
ness or attention—few of us realize when our 
pupils dilate or our arteries eonstriet—henee the 
ANS is also ealled the involuntary nervous sys- 
tem, as noted at the beginning of this ehapter. 

Somatie and Autonomic Nervous 
Systems Oompared 

Our previous discussions of nerves in the efferent 
(motor) division of the PNS have focused on the 
somatie nervous system, the PNS subdivision that 
eontrols our skeletal muscles. So, before plunging 
into a deseription of autonomic nervous system 
anatomy, let’s note some important differenees be- 
tween the somatie and autonomic subdivisions of 
the PNS. 

Besides differenees in their effeetor organs 
and in the neurotransmitters they release, the 


patterns of their motor pathways differ. In the 
somatie division, the eell bodies of the motor neu- 
rons are inside the CNS, and their axons (in spinal 
nerves) extend all the way to the skeletal muscles 
they serve. The autonomic nervous system, how- 
ever, has a ehain of two motor neurons. The first 
motor neuron of eaeh pair, the preganglionie 
neuron, is in the brain or spinal eord. Its axon, 
the preganglionie axon (literally, the a axon 
before the ganglion”), leaves the CNS to synapse 
with the seeond motor neuron in a ganglion 
outside the CNS. The axon of this ganglionie 
neuron, the postganglionie axon, then extends 
to the organ it serves. These differenees are sum- 
marized in Figure 7.27. 

The autonomic nervous system has two arms, 
the sympathetie and the parasympathetie (Figure 
7.28). Both serve the same organs but cause es- 
sentially opposite effeets, counterbalancing eaeh 
other’s aetivities to keep body systems mnning 
smoothly. The sympathetie division mobilizes 
the body during extreme situations (such as 
fear, exercise, or rage), whereas the parasym- 
pathetie division allows us to a unwind” and 
eonserve energy. We examine these differenees 
in more detail shortly, but first let’s eonsider the 
structural eharaeteristies of the two arms of 
the ANS. 

Anatomy of the Parasympathetie Division 

The preganglionie neurons of the parasympa- 
thetie division are loeated in brain nuclei of 
several eranial nerves—III, VII, IX, and X (the 
vagus being the most important of these) and in 
the S 2 through S 4 levels of the spinal eord (see 
Figure 7.28). For this reason, the parasympa- 
thetie division is also ealled the eraniosaeral 
division. The neurons of the eranial region 
send their axons out in eranial nerves to serve 
the head and neek organs. There they synapse 
with the ganglionie motor neuron in a terminal 
ganglion. From the terminal ganglion, the post- 
ganglionie axon extends a short distanee to the 
organ it serves. In the saeral region, the pregan- 
glionie axons leave the spinal eord and form the 
pelvie splanehnie (splank'nik) nerves, also 
ealled the pelvie nerves, which travel to the 
pelvie eavity. In the pelvie eavity, the pregan- 
glionie axons synapse with the seeond motor 
neurons in terminal ganglia on, or elose to, the 
organs they serve. 
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Transmission of nerve impulses along ANS pathvvays is generally much siovver 
than along somatie fibers. Why? 
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Figure 7.27 Comparison of the somatie and autonomic nervous systems. 


Anatomy of the Sympathetie Division 

The sympathetie division is also ealled the 
thoracolumbar (tho"rah-ko-lum'bar) division 
because its preganglionie neurons are in the gray 
matter of the spinal eord from T x through L 2 (see 
Figure 7.28). The preganglionie axons leave the 
eord in the ventral root, enter the spinal nerve, 
and then pass through a ramus communicans, 
or small communicating braneh, to enter a 
sympathetie trunk ganglion (Figure 7.29). The 
sympathetie trunk, or ehain, lies alongside the 
vertebral column on eaeh side. After it reaehes the 
ganglion, the axon may synapse with the seeond 
(ganglionie) neuron in the sympathetie ehain at 


the same level (Figure 7.29a) or a different level 
(Figure 7.29b), and the postganglionie axon then 
reenters the spinal nerve to travel to the skin. Or 
the preganglionie axon may pass through the gan- 
glion without synapsing and form part of the 
splanehnie nerves (Figure 7.29c). The splaneh- 
nie nerves travel to the viseera to synapse with the 
ganglionie neuron, found in a eollateral gan- 
glion anterior to the vertebral column. The major 
eollateral ganglia—the eeliae and the superior and 
inferior mesenterie ganglia—supply the abdominal 
and pelvie organs. The postganglionie axon then 
leaves the eollateral ganglion and travels to serve a 
nearby viseeral organ. 


R: 
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Parasympathetie 


Sympathetie 



Salivary 


Brain stem 


Salivary 



Genitals 


Saeral nerves (S 


2 


S 4 ) 


Figure 7,28 Anatomy of the autonomic nervous system. Parasympathetie fibers 
are shovvn in purple, sympathetie fibers in green. Solid lines represent preganglionie 
fibers; dashed lines indieate postganglionie fibers. 


Now that we have deseribed the anatomieal 
details, we are ready to examine ANS fmnetions in 
a little more detail. 

Autonomic Functioning 

Oontrast the effeet of the parasympathetie and 
sympathetie divisions on the follovving organs: heart, 
lungs, digestive system, blood vessels. 


Body organs served by the autonomic nervous 
system reeeive fibers from both divisions. 
Exceptions are most blood vessels and most struc- 
tures of the skin, some glands, and the adrenal 
medulla, all of which reeeive only sympathetie 
fibers (Table 7.3). When both divisions serve the 
same organ, they cause antagonistie effeets, 
mainly because their postganglionie axons release 
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Lateral horn of 
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Sympathetie 
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Viseeral effeetor organ 
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Figure 7.29 Sympathetie pathways. (a) Synapse in a sympathetie trunk ganglion 
at the same level. (b) Synapse in a sympathetie trunk ganglion at a different level. 

(e) Synapse in a eollateral ganglion anterior to the vertebral column. 


different neurotransmitters (see Figure 7.27). The 
parasympathetie fibers, ealled eholinergie (ko"lin- 
er'jik) fihers, release aeetyleholine. The sympa- 
thetie postganglionie fibers, ealled adrenergie 
(ad"ren-er'jik) fihers, release norepinephrine 
(nor"ep-i-nef'rin). The preganglionie axons of 
hoth divisions release aeetyleholine. To emphasize 
the relative roles of the two arms of the ANS, we 
will focus briefly on situations in which eaeh divi- 
sion is “in eontrol.” 

Sympathetie Division The sympathetie division is 

often referred to as the “fight-or-flight” system. Its 
aetivity is evident when we are excited or find 
ourselves in emergeney or threatening situations, 
such as being frightened by street toughs late at 
night. A pounding heart; rapid, deep breathing; 
eold, sweaty skin; a priekly sealp; and dilated eye 


pupils are sure signs of sympathetie nervous sys- 
tem aetivity. Under such eonditions, the sympa- 
thetie nervous system inereases heart rate, blood 
pressure, and blood glucose levels; dilates the 
bronehioles of the lungs; and brings about many 
other effeets that help the individual eope with 
the stressor. Other examples are dilation of blood 
vessels in skeletal muscles (so that we ean run 
faster or fight better) and withdrawal of blood 
from the digestive organs (so that the bulk of the 
blood ean be used to serve the heart, brain, and 
skeletal muscles). 

The sympathetie nervous system is working at 
fu.ll speed not only when you are emotionally upset 
but also when you are physieally stressed. For 
example, if you have just had surgery or rnn a 
marathon, your adrenal glands (aetivated by the 
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Table 7.3 Effeets of the Sympathetie and Parasympathetie Divisions 

of the Autonomic Nervous System 


Target organ/system 

Parasympathetie effeets 

Sympathetie effeets 

Digestive system 

inereases smooth muscle mobility 

Deereases aetivity of digestive system 


(peristalsis) and amount of seeretion 

and eonstriets digestive system 


by digestive system glands; 
relaxes sphineters 

sphineters (for example, anal sphineter) 

Liver 

No effeet 

Causes glucose to be released to blood 

Lungs 

Constricts bronehioles 

Dilates bronehioles 

Llrinary bladder/urethra 

Relaxes sphineters (allows voiding) 

Constricts sphineters (prevents voiding) 

Kidneys 

No effeet 

Deereases urine output 

Heart 

Deereases rate; slows and steadies 

inereases rate and foree of heartbeat 

Blood vessels 

No effeet on most blood vessels 

Constricts blood vessels in viseera and 
skin (dilates those in skeletal muscle 
and heart); inereases blood pressure 

Glands—salivary, 

Stimulates; inereases production of 

Inhibits; result is dry mouth and 

laerimal, gastrie 

saliva, tears, and gastrie juice 

dry eyes 

Eye (iris) 

Stimulates eonstrietor muscles; 

Stimulates dilator muscles; dilates 


eonstriets pupils 

pupils 

Eye (eiliary muscle) 

Stimulates to inerease bulging of 

Inhibits; deereases bulging of lens; 


lens for elose vision 

prepares for distant vision 

Adrenal medulla 

No effeet 

Stimulates medulla eells to seerete 
epinephrine and norepinephrine 

Sweat glands of skin 

No effeet 

Stimulates to produce perspiration 

Arreetor pili muscles 
attaehed to hair follieles 

No effeet 

Stimulates; produces “goose bumps” 

Penis 

Causes ereetion due to vasodilation 

Causes ejaculation (emission of 
semen) 

Cellular metabolism 

No effeet 

inereases metabolie rate; inereases 
blood sugar levels; stimulates fat 
breakdown 

Adipose tissue 

No effeet 

Stimulates fat breakdown 


sympathetie nervous system) will be pumping out 
epinephrine and norepinephrine (see Figure 7.27). 
The effeets of sympathetie nervous system aetivation 
continue for several minutes until its hormones are 
destroyed by the liver. Thus, although sympathetie 
nerve impulses themselves may aet only briefly, the 
hormonal effeets they provoke linger. The 
widespread and prolonged effeets of sympathetie 


aetivation help explain why we need time to “eome 
down” after an extremely stressful situation. 

The sympathetie division generates a head of 
steam that enables the body to eope rapidly and vig- 
orously with situations that threaten homeostasis. Its 
function is to provide the best eonditions for re- 
sponding to some threat, whether the best response 
is to rnn, to see better, or to think more elearly. 
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HOMEOSTATIC IMBALANOE 

Some illnesses or diseases are at least 
aggravated, if not caused, by excessive sympa- 
thetie nervous system stimulation. Certain indi- 
viduals, ealled type A people, always work at 
breakneek speed and push themselves continu- 
ally. These are people who are likely to have 
heart disease, high blood pressure, and ulcers, 
all of which may be worsened by prolonged 
sympathetie nervous system aetivity or the re- 
bound from it. ) 



DID YOU GET IT 



28. VVhieh regions or organs of the body are served by the 
autonomic nervous system? VVhieh are served by the 
somatie nervous system? 

29. How does the motor pathway of the autonomic 
nervous system differ from that of the somatie nervous 
system? 

30. VVhieh division of the autonomic nervous system is the 
“fight-or-flight” system? 

For answers, see Appendix D. 


Parasympathetie Division The parasympathetie di- 

vision is most aetive when the body is at rest and 
not threatened in any way. This division, some- 
times ealled the “resting-and-digesting” system, is 
ehiefly eoneerned with promoting normal diges- 
tion, with elimination of feees and urine, and with 
eonserving body energy, particularly by deereas- 
ing demands on the cardiovascular system. Its 
aetivity is best illustrated by a person who relaxes 
after a meal and reads the newspaper. Blood pres- 
sure and heart and respiratory rates are being reg- 
ulated at low normal levels, the digestive traet is 
aetively digesting food, and the skin is warm (indi- 
eating that there is no need to divert blood to 
skeletal muscles or vital organs). The eye pupils 
are eonstrieted to proteet the retinas from exces- 
sive damaging light, and the lenses of the eyes are 
“set” for elose vision. We might also eonsider the 
parasympathetie division as the “housekeeping” 
system of the body. 

An easy way to remember the most important 
roles of the two ANS divisions is to think of the 
parasympathetie division as the D (digestion, defe- 
eation, and diuresis [urination]) division and the 
sympathetie division as the E (exercise, excite- 
ment, emergeney, and embarrassment) division. 
Remember, however, while it is easiest to think of 
the sympathetie and parasympathetie divisions as 
working in an all-or-none fashion, this is rarely the 
ease. A dynamie balanee exists between the two 
divisions, and both are continuously making fine 
adjustments. Also, although we have deseribed the 
parasympathetie division as the “at-rest” system, 
most blood vessels are eontrolled only by the sym- 
pathetie fibers regardless of whether the body is 
“on alert” or relaxing. 

A summary of the major effeets of eaeh divi- 
sion appears in Table 7.3. 


Developmental Aspeets 
of the Nervous System 

List several faetors that may have harmful effeets on 
brain development. 

Briefly deseribe the cause, signs, and consequences 
of the following eongenital disorders: spina bifida, 
aneneephaly, and eerebral palsy. 

Explain the deeline in brain size and weight that 
occurs with age. 

Define senility and list some possible causes. 

Because the nervous system forms during the first 
month of embryonie development, any maternal 
infeetion early in pregnaney ean have extremely 
harmful effeets on the fetal nervous system. For 
example, maternal measles ( rnbella ) often causes 
deafness and other types of CNS damage. Also, 
because nervous tissue has the highest metabolie 
rate in the body, laek of oxygen for even a few 
minutes leads to death of neurons. Because smok- 
ing deereases the amount of oxygen that ean be 
earried in the blood, a smoking mother may be 
senteneing her infant to possible brain damage. 
Radiation and various drugs (aleohol, opiates, eo- 
eaine, and others) ean also be very damaging if 
administered during early fetal development. 

HOMEOSTATie IMBALANCE 

In difficult deliveries, a temporary laek 

of oxygen may lead to eerebral palsy (pawl'ze), 
but this is only one of the suspected causes. 
Cerebral palsy is a neuromuscular disability in 
which the voluntary muscles are poorly eontrolled 
and spastie because of brain damage. About half 
of its vietims have seizures, are mentally retarded, 
and/or have impaired hearing or vision. Cerebral 
palsy is the largest single cause of physieal disabil- 
ities in ehildren. A number of other eongenital 






Anyone who has had a routine 
physieal examination is familiar with 
the reflex tests done to assess 
neural function. The doetor taps 
your patellar tendon with a reflex 
hammer. Yourthigh muscles 
eontraet, resulting in the knee-jerk 
response. This response shows that 
the spinal eord and upper brain 
eenters are functioning normally. 
When reflex tests are abnormal or 
when brain eaneer, intraeranial 
hemorrhage, multiple selerosis, or 
hydrocephalus are suspected, more 
sophistieated neurological tests may 
be ordered to try to loealize and 
identify the problem. 

An “oldie-but-goodie” procedure 
used to diagnose and loealize many 
different types of brain lesions (such 
as epileptie lesions, tumors, and 


abseesses) is eleetroeneephalography 
(e-lek"tro-en-sef-ah-lah'grah-fe). 
Normal brain function involves the 
continuous transmission of eleetrieal 
impulses by neurons. A reeording of 
their aetivity, ealled an 
eleetroeneephalogram, or EEG, ean 
be made by plaeing eleetrodes at 
various points on the sealp and 
eonneeting these to a reeording 
deviee, as in part (a) of the figure. The 
patterns of eleetrieal aetivity of the 
neurons are ealled brain waves. 
Because people differ genetieally, and 
because everything we have ever 
experienced has left its imprint in our 
brain, eaeh of us has a brain wave 
pattern that is as unique as our 
fingerprints. The four most eommonly 
seen brain waves are illustrated and 
deseribed in part (b) of the figure. 


As might be expected, brain- 
wave patterns typieal of the alert 
wide-awake state differ from those 
that occur during relaxation or 
deep sleep. interferenee with the 
function of the eerebral cortex is 
suggested by brain waves that are 
too fast or too slow, and 
unconsciousness occurs at both 
extremes. Sleep and eoma result in 
brain-wave patterns that are 
slower than normal, whereas fright, 
epileptie seizures, and some kinds 
of drug overdose cause abnormally 
fast brain waves. Because brain 
waves are seen even during eoma, 
absenee of brain waves (a flat 
EEG) is taken as evidenee of 
elinieal death. 

The new imaging techniques 
deseribed in Ohapter 1 (pp. 10-11) 









AOAAN" 



1 seeond interval 


(a) (b) 

Eleetroeneephalography and brain waves. (a) To obtain an EEG, eleetrodes 
are positioned on the patient’s sealp and attaehed to a reeording deviee ealled an 
eleetroeneephalograph. (b) Typieal EEGs. Alpha waves are typieal of the awake, 
relaxed state; beta waves occur in the awake, alert state; theta waves are eommon 
in ehildren but not in normal adults; and delta waves occur during deep sleep. 
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have revolutionized the diagnosis of 
brain lesions. Together, CT and MRI 
seans allow most tumors, 
intraeranial lesions, multiple 
selerosis plaques, and areas of dead 
brain tissue (infarets) to be identified 
quickly, and PET seans ean loealize 
lesions that generate epileptie 
seizures. 

Take, for example, a patient 
arriving in emergeney with a stroke. 
A raee against time to save the 
affeeted area of the patient’s brain 
begins. The first step is to 


determine whether the stroke is due 
to a elot or a bleed by imaging the 
brain, most often with CT. If the 
stroke is due to a elot, then the elot- 
busting drug tPA ean be used, but 
only within the first hours. The drug 
tPA is usually given intravenously, 
but a longer time window ean be 
obtained if tPA is applied direetly to 
the elot using a eatheter guided into 
position. To visualize the loeation of 
the eatheter with respeet to the elot, 
dye is injeeted to make arteries 
stand out in an X-ray image, a 


procedure ealled eerebral 
angiography. 

Oerebral angiography is also 
used for patients who have had a 
warning stroke, orTIA. The earotid 
arteries of the neek feed most of the 
eerebral vessels and often beeome 
narrowed with age, which ean lead 
to strokes. Oheaper and less 
invasive than angiography, 
ultrasound ean be used to quickly 
examine the earotid arteries and 
even measure the flow of blood 
through them. 


malformations, triggered by genetie or environ- 
mental faetors, also plague the CNS. Most serious 
are hydrocephalus (see p. 250), aneneephaly —a 
failure of the eerebmm to develop, resulting in a 
ehild who eannot hear, see, or proeess sensory 
inputs—and spina bifida. Spina bifìda (spi'nah 
bi'fí-dah; “forked spine”) results when the verte- 
brae form ineompletely (typieally in the lum- 
bosaeral region). There are several varieties. In the 
least serious, a dimple, and perhaps a tuft of hair, 
appears over the site of malformation, but no neu- 
rologieal problems occur. In the most serious, 
meninges, nerve roots, and even parts of the 
spinal eord protmde from the spine, rendering 
the lower part of the spinal eord functionless. The 
ehild is unable to eontrol the bowels or bladder, 
and the lower limbs are paralyzed. ) 

One of the last areas of the CNS to mature is the 
hypothalamus, which eontains eenters for regulat- 
ing body temperature. For this reason, premature 
babies usually have problems in eontrolling their 
loss of body heat and must be carefully monitored. 
The nervous system grows and matures all through 
ehildhood, largely as a result of myelination that 
goes on during this period. A good indieation of the 
degree of myelination of particular neural pathways 
is the level of neuromuscular eontrol in that body 
area. As deseribed in ehapter 6, neuromuscular 
eoordination progresses in a superior to inferior 


(craniocaudal) direetion and in a proximal to distal 
direetion, and we know that myelination occurs in 
the same sequence. 

The brain reaehes its maximum weight in the 
young adult. Over the next 60 years or so, neu- 
rons are damaged and die; and brain weight and 
volume steadily deeline. However, an unlimited 
number of neural pathways is always available 
and ready to be developed, allowing us to eon- 
tinue to learn throughout life. 

As we grow older, the sympathetie nervous 
system gradually beeomes less and less effieient, 
particularly in its ability to eonstriet blood vessels. 
When older people stand up quickly after sitting 
or lying down, they often beeome lightheaded or 
faint. The reason is that the sympathetie nervous 
system is not able to reaet quickly enough to 
counteract the pull of gravity by aetivating the 
vasoeonstrietor fibers, and blood pools in the feet. 
This eondition, orthostatie hypotension, is a 
type of low blood pressure resulting from ehanges 
in body position as deseribed. Orthostatie hy- 
potension ean be prevented to some degree if the 
person ehanges position slowly. This gives the 
sympathetie nervous system a little more time to 
adjust and reaet. 

The usual cause of nervous system deteriora- 
tion is circulatory system problems. For example, 
arterioselerosis (ar-ter"e-o-skle-ro'sis; deereased 
elastieity of the arteries) and high blood pressure 
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Homeostatie Relationships between the 
Nervous System and Other Body Systems 


Endoerine System 


Sympathetie division of the ANS 
aetivates the adrenal medulla; 
hypothalamus helps regulate the 
aetivity of the anterior pituitary gland 
and produces two hormones 
Hormones influence metabolism 
of neurons 


Lymphatie System/lmmunity 


Nerves innervate lymphoid 
organs; the brain plays a role 
in regulating immune function 
Lymphatie vessels earry away 
leaked tissue fluids from tissues 
surrounding nervous system 
structures; immune elements 
proteet all body organs from 
pathogens (CNS has additional 
meehanisms) 


Digestive System 


ANS (particularly the 
parasympathetie division) 
regulates digestive system 
aetivity 

Digestive system provides 
nutrients needed for health 
of neurons 


(Jrinary System 


ANS regulates bladder emptying 
and renal blood pressure 
Kidneys help to dispose of metabolie 
wastes and maintain proper 
eleetrolyte eomposition and pH of 
blood for neural functioning 


Muscular System 


Somatie division of nervous system 
aetivates skeletal muscles; maintains 
muscle health 

Skeletal muscles are the effeetors 
of the somatie division 



Nervous System 


Respiratory System 


Nervous system regulates 
respiratory rhythm and depth 
Respiratory system provides 
life-sustaining oxygen; 
disposes of earbon dioxide 


Cardiovascular System 


ANS helps regulate heart rate 
and blood pressure 
Cardiovascular system delivers 
blood eontaining oxygen and 
nutrients to the nervous system; 
earries away wastes 


Reproductive System 


ANS regulates sexual ereetion 
and ejaculation in males; 
ereetion of the elitoris in females 
Testosterone masculinizes the 
brain and underlies sex drive 
and aggressive behavior 


lntegumentary System 


Sympathetie division of the ANS 
regulates sweat glands and 
blood vessels of skin (therefore 
heat loss/retention) 

Skin serves as heat loss surface 


Skeletal System 


Nerves innervate bones 
Bones serve as depot for 
calcium needed for neural 
function; proteet CNS structures 
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result in a deereasing supply of oxygen to the brain 
neurons. A gradual laek of oxygen due to the aging 
proeess finally leads to senility, eharaeterized by 
forgetfulness, irritability, difficulty in eoneentrating 
and thinking elearly, and confusion. A sudden loss 
of blood and oxygen delivery to the brain results in 
a CVA, as deseribed earlier (p. 251). However, 
many people continue to enjoy intellectual lives 
and to work at mentally demanding tasks through 
their entire life. In faet, fewer than 5 pereent of peo- 
ple over the age of 65 demonstrate tme senility. 

Sadly, many eases of “reversible senility,” 
caused by eertain drugs, low blood pressure, eon- 
stipation, poor nutrition, depression, dehydration, 
and hormone imbalanees, go undiagnosed. The 
best way to maintain your mental abilities in old 
age may be to seek regular medieal checkups 
throughout life. 

Although eventual shrinking of the brain is 
normal, it seems that some individuals (profes- 
sional boxers and ehronie aleoholies, for exam- 
ple) hasten the proeess long before aging plays its 
part. Whether a boxer wins the mateh or not, the 
likelihood of brain damage and atrophy inereases 
with every blow. The expression “punch drunk” 
refleets the symptoms of slurred speeeh, tremors, 
abnormal gait, and dementia (mental illness) seen 
in many retired boxers. 

Everyone reeognizes that aleohol has a pro- 
found effeet on the mind as well as the body. CT 


seans of ehronie aleoholies reveal reduced brain 
size at a fairly early age. Like boxers, ehronie aleo- 
holies tend to exhibit signs of mental deterioration 
unrelated to the aging proeess. 


DID YOU GET IT 



31. Why miist premature babies be plaeed in incubators 
until their hypothalamus matures? 

32. What is orthostatie hypotension? Why do many older 
people suffer from this eondition? 

For answers, see Appendix D. 


The human eerebral hemispheres—our “think- 
ing eaps”—are awesome in their complexity. No 
less amazing are the brain regions that oversee all 
our subconscious, autonomic body functions—the 
dieneephalon and brain stem—particularly when 
you eonsider their relatively insignifieant size. The 
spinal eord, which aets as a reflex eenter, and the 
peripheral nerves, which provide communication 
links between the CNS and body periphery, are 
equally important to body homeostasis. 

We have introduced a good deal of new termi- 
nology in this ehapter and, as you will see, much 
of it will eome up again in later ehapters as we 
study the other organ systems of the body and ex- 
amine how the nervous system helps to regulate 
their aetivity. The terms are essential, so try to 
learn them as you go along. Use the Glossary at 
the baek of the book as often as you find it helpful. 


Summary 

Aeeess more review material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included below. 

iP = interaetive Physiology 

Organization of the Nervous System 

(pp. 227-228) 

1. Structural: All nervous system structures are elassi- 
fied as part of the CNS (brain and spinal eord) or 
PNS (nerves and ganglia). 

2. Functional: Motor nerves of the PNS are elassified 
on the basis of whether they stimulate skeletal 


muscle (somatie division) or smooth/eardiae mus- 
ele and glands (autonomic division). 

Nervous Tissue: Structure and Function 
(pp. 228-240) 

1. Supportive eonneetive tissue eells 

a. Neuroglia support and proteet neurons in the 
CNS. Speeifie glial eells are phagoeytes; others 
myelinate neuron proeesses in the CNS or line 
eavities. 

b. Schwann eells myelinate neuron proeesses in 
the PNS. 

2. Neurons 

a. Anatomy: All neurons have a eell body, which 
eontains the nucleus, and proeesses (fibers) of 
two types: (1) axons (one per eell) typieally 
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generate and conduct impulses away from the eell 
body and release a neurotransmitter, and (2) den- 
drites (one to many per eell) typieally earry 
eleetrieal currents toward the eell body. Most 
large fibers are myelinated; myelin inereases the 
rate of nerve impulse transmission. 

ÌP Nervous System Topie: Anatomy Review, 

pp. 3-11. 

b. elassifieation 

(1) On the basis of function (direetion of impulse 
transmission) there are sensory (afferent) and 
motor (efferent) neurons and interneurons 
(assoeiation neurons). Dendritie endings of 
sensory neurons are bare (pain reeeptors) or 
are assoeiated with sensory reeeptors. 

(2) On the basis of structure, there are unipolar, 
bipolar, and multipolar neurons; the termi- 
nology reveals the number of proeesses 
extending from the eell body. Motor and 
interneurons are multipolar; most sensory 
neurons are unipolar. The exceptions are 
sensory neurons in eertain speeial sense 
organs (ear, eye), which are bipolar. 

e. Physiology 

(1) A nerve impulse is an eleetroehemieal event 
(initiated by various stimuli) that causes a 
ehange in neuron plasma membrane perme- 
ability. This ehange allows sodium ions (Na + ) 
to enter the eell, causing depolarization. Onee 
begun, the aetion potential, or nerve impulse, 
continues over the entire surface of the axon. 
Eleetrieal eonditions of the resting state are 
restored by the diffusion of potassium ions 
(K + ) out of the eell (repolarization). Ion eon- 
eentrations of the resting state are restored by 
the sodium-potassium pump. 

ÌP Nervous System Topie: The Membrane 
Potential, pp. 3-13. 

(2) A neuron influences other neurons or effee- 
tor eells by releasing neurotransmitters, 
ehemieals that diffuse aeross the synaptie 
eleft and attaeh to membrane reeeptors on 
the postsynaptie eell. The result is opening 
of speeifie ion ehannels and aetivation or in- 
hibition, depending on the neurotransmitter 
released and the target eell. 

(3) A reflex is a rapid, predietable response to a 
stimulus. There are two types—autonomic 
and somatie. The minimum number of eom- 
ponents of a reflex are is five: reeeptor, ef- 
feetor, sensory and motor neurons, and CNS 
integration eenter (eonsisting of a synapse 


between the motor and sensory neurons or 
synapses among one or more interneurons). 
Normal reflexes indieate normal nervous sys- 
tem function. 

Central Nervous System (pp. 240-255) 

1. The brain is loeated within the eranial eavity of the 
skull and eonsists of the eerebral hemispheres, 
dieneephalon, brain stem structures, and cerebellum. 

a. The two eerebral hemispheres form the largest 
part of the brain. Their surface, or cortex, is gray 
matter, and their interior is white matter. The 
cortex is convoluted and has gyri, sulci, and fis- 
sures. The eerebral hemispheres are involved in 
logieal reasoning, moral conduct, emotional 
responses, sensory interpretation, and the initia- 
tion of voluntary muscle aetivity. Several func- 
tional areas of the eerebral lobes have been 
identified (see p. 242). The basal nuclei, regions 
of gray matter deep within the white matter of 
the eerebral hemispheres, modify voluntary mo- 
tor aetivity. Parkinson’s disease and Huntington’s 
disease are disorders of the basal nuclei. 

b. The dieneephalon is superior to the brain stem 
and is enelosed by the eerebral hemispheres. 
The major structures include the following: 

(1) The thalarmis, which eneloses the third ventri- 
ele, is the relay station for sensory impulses 
passing to the sensory cortex for interpretation. 

(2) The hypothalaimis makes up the a floor” of 
the third ventriele and is the most important 
regulatory eenter of the autonomic nervous 
system (regulates water balanee, metabolism, 
thirst, temperature, and the like). 

(3) The epithalaimis includes the pineal gland 
(an endoerine gland) and the ehoroid plexus 
of the third ventriele. 

e. The brain stem is the short region inferior to the 
hypothalamus that merges with the spinal eord. 

(1) The midbrain is most superior and is pri- 
marily fiber traets. 

(2) The pons is inferior to the midbrain and has 
fiber traets and nuclei involved in respiration. 

(3) The medulla oblongata is the most inferior 
part of the brain stem. In addition to fiber 
traets, it eontains autonomic nuclei involved 
in the regulation of vital life aetivities 
(breathing, heart rate, blood pressure, ete.). 

d. The cerebellum is a large, cauliflower-like part 
of the brain posterior to the fourth ventriele. It 
eoordinates muscle aetivity and body balanee. 
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2. Proteetion of the CNS 

a. Bones of the skull and vertebral column are the 
most external proteetive structures. 

b. Meninges are three eonneetive tissue mem- 
branes—dura mater (tough, oiitermost), araehnoid 
mater (middle, weblike), and pia mater (inner- 
most, delieate). The meninges extend beyond the 
end of the spinal eord. 

e. Cerebrospinal fluid (CSF) provides a watery cush- 
ion around the brain and eord. CSF is formed by 
the ehoroid plexuses of the brain. It is found in 
the subarachnoid spaee, ventrieles, and eentral 
eanal. CSF is continually formed and drained. 

d. The blood-brain barrier is eomposed of rela- 
tively impermeable eapillaries. 

3. Brain dysfunctions 

a. Head trauma may cause concussions (reversible 
damage) or contusions (nonreversible damage). 
When the brain stem is affeeted, unconsciousness 
(temporary or permanent) occurs. Trauma- 
indiieed brain injuries may be aggravated by 
intraeranial hemorrhage or eerebral edema, both 
of which eompress brain tissue. 

b. Cerebrovascular aeeidents (CVAs, or strokes) re- 
sult when blood circulation to brain neurons is 
bloeked and brain tissue dies. The result may be 
visual impairment, paralysis, and aphasias. 

e. Alzheimer’s disease is a degenerative brain dis- 
ease in which abnormal protein deposits and 
other structural ehanges appear. It results in 
slow, progressive loss of memory and motor 
eontrol plus inereasing dementia. 

d. Techniques used to diagnose brain dysfunctions 
include the EEG, simple reflex tests, angiogra- 
phy, and CT, PET, and MRI seans. 

4. The spinal eord is a reflex eenter and conduction 
pathway. Found within the vertebral eanal, the eord 
extends from the foramen magnum to L x or L 2 . The 
eord has a eentral butterfly-shaped area of gray mat- 
ter surrounded by columns of white matter, which 
earry motor and sensory traets from and to the brain. 

Peripheral Nervous System (pp. 255-269) 

1. A nerve is a bundle of neuron proeesses wrapped 
in eonneetive tissue eoverings (endoneurium, per- 
ineurium, and epineurium). 

2. Cranial nerves: 12 pairs of nerves that extend from 
the brain to serve the head and neek region. The 
exception is the vagus nerves, which extend into 
the thorax and abdomen. 


3. Spinal nerves: 31 pairs of nerves are formed by the 
union of the dorsal and ventral roots of the spinal 
eord on eaeh side. The spinal nerve proper is very 
short and splits into dorsal and ventral rami. Dorsal 
rami serve the posterior body trunk; ventral rami 
(except T]_ through T 12 ) form plexuses (eervieal, 
braehial, lumbar, saeral) that serve the limbs. 

4. Autonomic nervous system: Part of the PNS, eom- 
posed of neurons that regulate the aetivity of 
smooth and eardiae muscle and glands. This sys- 
tem differs from the somatie nervous system in that 
there is a ehain of two motor neurons from the 
CNS to the effeetor. Two subdivisions serve the 
same organs with different effeets. 

a. The parasympathetie division is the a housekeep- 
ing” system and is in eontrol most of the time. 
This division maintains homeostasis by seeing 
that normal digestion and elimination occur and 
that energy is eonserved. The first motor neu- 
rons are in the brain or the saeral region of the 
eord. The seeond motor neurons are in the ter- 
minal ganglia elose to the organ served. All 
parasympathetie axons seerete aeetyleholine. 

b. The sympathetie division is the “fight-or-flight” 
subdivision, which prepares the body to eope 
with some threat. Its aetivation inereases heart 
rate and blood pressure. The preganglionie 
neurons are in the gray matter of the eord. The 
ganglionie sympathetie neurons are in the sympa- 
thetie tmnk or in eollateral ganglia. Postganglionie 
axons seerete norepinephrine. 

Developmental Aspeets of the Nervous 
System (pp. 269-273) 

1. Maternal and environmental faetors may impair 
embryonie brain development. Oxygen depriva- 
tion destroys brain eells. Severe eongenital brain 
diseases include eerebral palsy, aneneephaly, hy- 
drocephalus, and spina bifida. 

2. Premature babies have trouble regulating body 
temperature because the hypothalamus is one of 
the last brain areas to mature prenatally. 

3. Development of motor eontrol indieates the pro- 
gressive myelination and maturation of a ehild’s 
nervous system. Brain growth ends in young adult- 
hood. Neurons die throughout life and are not 
replaeed; thus, brain mass deelines with age. 

4. Healthy aged people maintain nearly optimal intel- 
lectual function. Disease—particularly cardiovascular 
disease—is the major cause of deelining mental 
function with age. 
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Rei/ieM/ Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. An example of integration by the nervous system is 

a. the feel of a eold breeze. 

b. the shivering and goose bumps in response 
to eold. 

e. pereeiving the sound of rain. 

d. the deeision to go baek for an umbrella. 

2. Where might a gray matter nucleus be loeated? 

a. Alongside the vertebral column 

b. Within the brain 

e. Within the spinal eord 

d. In the sensory reeeptors 

3. The innermost delieate meningeal layer is the 

a. dura mater. 

b. corpus callosum. 

e. araehnoid mater. 

d. pia mater. 

4. Histologieal examination of a sliee of neural tissue 
reveals a bundle of nerve fibers held together by 
eells whose multiple proeesses wrap around sev- 
eral fibers and form a myelin sheath. The speeimen 
is likely to be 

a. a nucleus. e. a nerve. 

b. a ganglion. d. a traet. 

3. The pineal gland is loeated in the 

a. hypothalamus. 

b. meseneephalon. 

e. epithalamus 

d. corpus callosum 

6. Choose the proper term to respond to the state- 
ments deseribing various brain areas. 

a. eerebelhim e. medulla 

b. eorpora quadrigemina f. midbrain 

e. corpus callosum g. pons 

d. hypothalamus h. thalarmis 

_ 1. Region where there is a gross erossover of 

fibers of deseending pyramidal traets 

_2. Control of temperature, autonomic ner- 

vous system reflexes, hunger, and water 
balanee 

_ 3. Houses the substantia nigra and eerebral 

aqueduct 


_ 4. Relay stations for visual and auditory stim- 

uli input; found in midbrain 

_ 3. Houses vital eenters for eontrol of the 

heart, respiration, and blood pressure 

_ 6. Brain area through which all the sensory 

input is relayed to get to the eerebral 
cortex 

_7. Brain area most eoneerned with equilib- 

rium, body posture, and eoordination of 
motor aetivity. 

7. The spinal eord feature assoeiated with the leash of 
nerves supplying the upper limbs is the 

a. braehial plexus. 

b. braehial enlargement. 
e. eervieal enlargement. 

d. lateral gray horns. 

8. Which eontains only motor fibers? 

a. Dorsal root e. Ventral root 

b. Dorsal ramus d. Ventral ramus 

9. Cranial nerves that have some hinetion in vision in- 
clude the 

a. troehlear. e. abducens. 

b. trigeminal. d. faeial. 

10. Motor functions of the extensor muscles of the arm, 
forearm, and fingers would be affeeted by damage 
to which one of these nerves? 

a. Radial e. Ulnar 

b. Axillary d. Median 

11. Glial eells present in large numbers in areas of bae- 
terial infeetion in the brain are most likely 

a. oligodendroeytes. e. ependymal eells. 

b. astroeytes. d. mieroglia. 

12. Which of the following is tme of the autonomic, 
but not the somatie, nervous system? 

a. Neurotransmitter is aeetyleholine. 

b. Axons are myelinated. 

e. Effeetors are muscle eells. 

d. It has motor neurons loeated in ganglia. 

Short Ansvver Essay 

13. What are the two great eontrolling systems of the 
body? 

14. Explain both the structural and functional elassifiea- 
tions of the nervous system. In your explanation, 
include the subdivisions of eaeh. 

15. What is the basis for the functional elassifieation of 
neurons? 
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16. Two major eell groups make up the nervous 
system—neurons and eonneetive tissue eells such 
as astroeytes and Schwann eells. Which are “ner- 
vous” eells? Why? What are the major functions of 
the other eell group? 

17. Briefly explain how nerve impulses are initiated 
and transmitted, and why conduction at synapses is 
always one-way. 

18. Name four types of cutaneous sensory reeeptors. 
Which of the cutaneous reeeptor types is most nu- 
merous? Why? 

19- Name the minimum eomponents of a reflex are. 

20. Make a rough drawing of the left eerebral hemi- 
sphere. On your drawing, loeate at least five differ- 
ent functional areas, and then indieate their speeifie 
functions. 

21. Other than serving as a conduction pathway, what 
is a major function of the pons? Why is the medulla 
the most vital part of the brain? 

22. What is the function of the thalarmas? The hypothal- 
amus? 

23. Discuss how the brain is proteeted by bone, mem- 
branes, fluid, and eapillaries. 

24. What is gray matter? White matter? How does the 
arrangement of gray and white matter differ in the 
eerebral hemispheres and the spinal eord? 

23. What are two functions of the spinal eord? 

26. How many pairs of eranial nerves are there? Which 
are purely sensory? Which aetivates the chewing 
muscles? Which helps regulate heart rate and aetiv- 
ity of the digestive traet? 

27. Except for the vagus nerves, what general area of 
the body do the eranial nerves serve? 

28. How many pairs of spinal nerves are there? How 
do they arise? 

29. What region of the body is served by the dorsal 
rami of the spinal nerves? the ventral rami? 

30. Name the four major nerve plexuses formed by the 
ventral rami and the body region served by eaeh. 

31. How does the autonomic nervous system differ 
from the somatie nervous system? 

32. What is the differenee in function of the sympa- 
thetie and parasympathetie divisions of the auto- 
nomie nervous system (a) in general and (b) as 
speeifieally relates to the operation of the eardio- 
vascular and digestive systems? 


33. The sympathetie and parasympathetie fibers serve 
the same organs. How ean their opposing effeets 
be explained? 

34. How does a Schwann eell help insulate a nerve 
fiber? 

33. Compare CVAs and TIAs in terms of causes, symp- 
toms, and consequences. 

36. Define senility. Name possible causes of permanent 
and reversible senility. 

Critical Thinking and 

dinieal Applieation 
Questions 

37. Mrs. Jones has had a progressive deeline in her men- 
tal eapabilities in the past five or six years. At first, 
her family attributed her oeeasional memory lapses, 
confusion, and agitation to grief over her husband’s 
death six years earlier. When examined, Mrs. Jones 
was aware of her eognitive problems and was shown 
to have an IQ seore approximately 30 points lower 
than would be predieted by her work history. A CT 
sean showed diffuse eerebral atrophy. The physieian 
preseribed a mild tranquilizer for Mrs. Jones and told 
her family that there was little else he could reeom- 
mend. What is Mrs. Jones’s problem? 

38. Joseph, a man in his early 70s, was having problems 
chewing his food. He was asked to stiek out his 
tongue. It deviated to the right, and its right side 
was quite wasted. What eranial nerve was impaired? 

39. Jed, a couch potato, likes to eat a very large meal 
in the evening. After the meal, his wife asks him to 
help elean the dishes, but Jed explains that he is 
“too tired” and promptly goes to sleep. What seems 
to be his problem? 

40. A semiconscious young woman is brought to the 
hospital by friends after falling from a roof. She did 
not lose consciousness immediately, and she was 
initially lucid. After a while, though, she beeame 
confused and then rmresponsive. What is a likely 
explanation of her eondition? 

41. In John’s checkup, one year after an aeeident sev- 
ered his right aeeessory nerve, severe muscle atro- 
phy was noted. What two prominent mriseles have 
been affeeted? 
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42. Mrs. Tonegawa, a new mother, brings her infant to 
the elinie because he has suffered repeated 
seizures. When questioned, she states that her la- 
bor was unusually long and difficult. What eondi- 
tion do you suspect? Will the infant’s eondition 
worsen? 

43. Three-year-old Samantha is sobbing that her right 
arm is “gone,” and the examination shows her to 
have little muscle strength in that limb. Questioning 
the parents reveals that her father had been swing- 
ing her by the arms. What part of the PNS has been 
damaged? 

44. Mr. Dingledine is an 82-year-old bedridden gentle- 
man who has diseovered a new interest in learning 
about his body. While being tended by the visiting 
nurse, he remarks that the supporting eells in 
nervous tissue (such as Schwann eells and oligo- 
dendroeytes) aet like the mbber eoating around 
household wiring. What does he mean by this 
analogy? 

43. Jemal, an elderly man with a history of TIAs, eom- 
plained to his daughter that he had a severe 


headaehe. Shortly thereafter, he lapsed into a eoma. 
At the hospital, he was diagnosed as having a brain 
hemorrhage. Which part of the brain was damaged 
by the hemorrhage? 

46. Why does exposure to toxins have more devastat- 
ing neural effeets during early pregnaney than in 
late pregnaney? 

47. Clancy is the star of his hometown iee hoekey 
team. During a game, he is walloped on his baek- 
side with a hoekey stiek so hard that he hits the iee. 
When he tries to get up he is unable to flex his left 
hip or extend his left knee, but he has no pain. 
Which nerve has been damaged? 

48. Jerry got hit in the baek of the neek with a baseball, 
and now he ean’t shmg one shoulder. What eranial 
nerve is involved? 

49. When Taylor begins to feel drowsy while driving, 
she opens her window, turns up the volume of the 
ear stereo, and sips her iee-eold water. How do 
these aetions keep her awake? 



FHNfTION PREI/IEW 

The speeial senses respond to different types of energetie stimuli involved in vision, 
hearing, balanee, smell, and taste. 


People are responsive ereatnres. Hold freshly 

baked bread before us, and our mouths water. A 
sudden elap of thunder makes us jump. These “ir- 
ritants” (the bread and the thunderclap) and many 
others are the stimuli that continually greet us and 
are interpreted by our nervous system. 

We are usually told that we have five senses 
that keep us in touch with what is going on in the 
external world: touch, taste, smell, sight, and hear- 
ing. Actually touch is a mixture of the general 
senses that we eonsidered in ehapter 7—the tem- 
perature, pressure, and pain reeeptors of the skin 
and the proprioeeptors of muscles and joints. The 
other four “traditional” senses— smell, taste, sight, 
and hearing —are ealled speeial senses. Reeeptors 
for a fifth speeial sense, equilibrium, are housed in 
the ear, along with the organ of hearing. In eontrast 


to the small and widely distributed general reeep- 
tors, the speeial sense reeeptors are either large, 
complex sensory organs (eyes and ears) or loeal- 
ized clusters of reeeptors (taste buds and olfaetory 
epithelium). 

In this ehapter we focus on the functional 
anatomy of eaeh of the speeial sense organs individ- 
ually, but keep in mind that sensory inputs are over- 
lapping. What we finally experience—our “feel” of 
the world—is a blending of stimulus effeets. 

PART l:THE EYEAND l/ISION 

How we see has captured the curiosity of many 
researehers. Vision is the sense that has been stud- 
ied most. Of all the sensory reeeptors in the body, 
70 pereent are in the eyes. The optie traets that 












280 


Essentials of Hiiman Anatomy and Physiology 


Site where 
conjunctiva 
merges with 
eornea 


Palpebral 

fissure 


Lateral 
commissure 
(canthus) 


Iris 


Eyelid 



Eyebrow 

Eyelid 

Eyelashes 

Pupil 

Laerimal 

caruncle 

Medial 

commissure 

(canthus) 

Selera 
(eovered by 
conjunctiva) 


Figure 8.1 Surface anatomy of the eye and aeeessory structures. 


earry information from the eyes to the brain are 
massive bundles, eontaining over a million nerve 
fibers. Vision is the sense that requires the most 
“learning,” and the eye appears to delight in being 
fooled. The old expression “You see what you ex- 
peet to see” is often very true. 

Anatomy of the Eye 

External and Aeeessory Structures 

When provided with a model or diagram, identify 

the aeeessory eye structures, and list the functions 

of eaeh. 

The adult eye is a sphere that measures about 
1 ineh (2.5 em) in diameter. Only the anterior one- 
sixth of the eye’s surface ean normally be seen. 
The rest of it is enelosed and proteeted by a cush- 
ion of fat and the walls of the bony orbit. The 
aeeessory structures of the eye include the ex- 
trinsie eye muscles, eyelids, conjunctiva, and 
laerimal apparatus. 

Anteriorly the eyes are proteeted by the eyelids, 
which meet at the medial and lateral eorners of 
the eye, the medial and lateral commissure 
(canthus), respeetively (Figure 8.1). The spaee 
between the eyelids in an open eye is ealled the 
palpebral fissure. Projeeting from the border of 
eaeh eyelid are the eyelashes. Modified seba- 
ceous glands assoeiated with the eyelid edges are 
the tarsal glands. These glands produce an oily 


seeretion that lubricates the eye (Figure 8.2a). 
dliary glands, modified sweat glands, lie between 
the eyelashes (eilinm = eyelash). 

A delieate membrane, the conjunctiva (kon- 
junk"ti'vah), lines the eyelids and eovers part of 
the outer surface of the eyeball (Figures 8.1 and 
8.2). It ends at the edge of the eornea by fusing 
with the eorneal epithelium. The conjunctiva se- 
eretes mucus, which helps to lubricate the eyeball 
and keep it moist. 

HOMEOSTATIC IMBALANOE 

Inflammation of the conjunctiva, ealled 
conjunctivitis, results in reddened, irritated eyes. 
Pinkeye, its infectious form caused by baeteria or 
vimses, is highly contagious. ) 

The laerimal apparatus (Figure 8.2b) eon- 
sists of the laerimal gland and a number of ducts 
that drain the laerimal seeretions into the nasal 
eavity. The laerimal glands are loeated above 
the lateral end of eaeh eye. They continually re- 
lease a dilute salt solution ( tears ) onto the ante- 
rior surface of the eyeball through several small 
ducts. The tears flush aeross the eyeball into the 
laerimal canaliculi medially, then into the 
laerimal sae, and finally into the nasolaerimal 
duct, which empties into the nasal eavity (see 
Figure 8.2b). Laerimal seeretion also eontains 
mucus, antibodies, and lysozyme (li'so-zim), an 
enzyme that destroys baeteria. Thus, it eleanses 
and proteets the eye surface as it moistens and 
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liibrieates it. When laerimal seeretion inereases 
substantially, tears spill over the eyelids and fill 
the nasal eavities, causing eongestion and the 
“sniffles.” This happens when the eyes are irri- 
tated by foreign objeets or ehemieals and when 
we are emotionally upset. In the ease of irritation, 
the enhaneed tearing aets to wash away or dilute 
the irritating substance. The importanee of “emo- 
tional tears” is poorly understood, but some suspect 
that erying is important in reducing stress. Anyone 
who has had a good ery would probably agree, but 
this has been difficult to prove seientifieally. 

HOMEOSTATIC IMBALANOE 

Because the nasal eavity mucosa is 
continuous with that of the laerimal duct system, a 
eold or nasal inflammation often causes the 
laerimal mucosa to beeome inflamed and swell. 
This impairs the drainage of tears from the eye 
surface, causing “watery” eyes. ) 

Six extrinsic, or external, eye muscles are 

attaehed to the outer surface of eaeh eye. These 
muscles produce gross eye movements and make 
it possible for the eyes to follow a moving objeet. 
The names, loeations, aetions, and eranial nerve 
serving eaeh of the extrinsic muscles are given in 
Figure 8.3. 

DID YOU GET IT 

1. VVhat is the role of the eyelids? 

2 . VVhieh structure of the eye forms tears? 

3. VVhat are tears? 

4. VVhat is the visual role of the external eye muscles? 

For answers, see Appendix D. 

Internal Structures: The Eyeball 

Name the layers of the wall of the eye, and indieate 
the major function of eaeh. 

Explain how the functions of rods and eones differ. 

Define: blind spot, eataraet, and glaucoma. 

s Traee the pathway of light through the eye to the 
retina. 

Discuss the importanee of an ophthalmoseopie 
examination. 

The eye itself, eommonly ealled the eyeball, is a 
hollow sphere (Figure 8.4). Its wall is eomposed 
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Figure 8.2 Aeeessory structures of the eye. 

(a) Sagittal seetion of the aeeessory structures 
assoeiated with the anterior part of the eye. 

(b) Anterior view of the laerimal apparatus. 


of three layers, and its interior is filled with fluids 
ealled hnmors that help to maintain its shape. The 
lens, the main focusing apparatus of the eye, is 
supported upright within the eye eavity, dividing it 
into two ehambers. 
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Aetion 

eontrolling 
eranial nerve 

Lateral rectus 

Moves eye laterally 

VI (abducens) 

Medial rectus 

Moves eye medially 

III (oculomotor) 

Superior rectus 

Elevates eye and turns it medially 

III (oculomotor) 
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(C) 

Figiire 8-3 Extrinsic muscles of the eye. (a) Lateral view of the right eye. 

(b) Superior view of the right eye. The four rectus muscles originate from the anular ring, 
a ringlike tendon at the baek of the eye soeket. (e) Summary of eranial nerve supply and 
aetions of the extrinsic eye muscles. 


Layers Forming the Wall of the Eyeball 

Now that we have eovered the general anatomy of 
the eyeball, we are ready to get speeifie. 

Fibroiis Layer The outermost layer, ealled the 
fibrous layer, eonsists of the proteetive selera 
(skle'rah) and the transparent eornea (kor'ne-ah). 
The selera, thiek, glistening white eonneetive tis- 
sue, is seen anteriorly as the “white of the eye.” 
The eentral anterior portion of the fibrous layer is 


erystal elear. This “window” is the eornea through 
which light enters the eye. The eornea is well sup- 
plied with nerve endings. Most are pain fibers, 
and when the eornea is touched, blinking and in- 
ereased tearing occur. Even so, the eornea is the 
most exposed part of the eye, and it is very vul- 
nerable to damage. Luckily, its ability to repair it- 
self is extraordinary. Furthermore, the eornea is 
the only tissue in the body that is transplanted 
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Which layer of the eye would be the first to be affeeted by defieient tear 
production? 
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(b) 

Figure 8-4 Internal anatomy of the eye (sagittal seetion). (a) Diagrammatie view. 
(b) Photograph. 
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from one person to another without the worry of 
rejeetion. Because it has no blood vessels, it is be- 
yond the reaeh of the immune system. 

I laseillar Layer The middle layer of the eyeball, the 
vascular layer, has three distinguishable regions. 


Figure 8-5 The three major types of neiirons 
eomposing the retina. (a) Notiee that light must pass 
through the thiekness of the retina to excite the rods 
and eones. Eleetrieal signals flow in the opposite 
direetion: from the rods and eones to the bipolar eells 
and finally to the ganglion eells. The ganglion eells 
generate the nerve impulses that leave the eye via the 
optie nerve. (b) Sehematie view of the posterior part of 
the eyeball illustrating how the axons of the ganglion 
eells form the optie nerve. 


Most posterior is the ehoroid (ko'roid), a blood- 
rieh nutritive tunic that eontains a dark pigment. 
The pigment prevents light from seattering inside 
the eye. Moving anteriorly, the ehoroid is modified 
to form two smooth muscle stmetiires, the eiliary 
(sil'e-er-e) body, to which the lens is attaehed by a 
suspensory ligament ealled the eiliary zonule, and 
then the iris. The pigmented iris has a rounded 
opening, the pupil, through which light passes. 
Circularly and radially arranged smooth muscle 
fibers form the iris, which aets like the diaphragm 
of a eamera. That is, it regulates the amount of light 
entering the eye so that we ean see as elearly as 
possible in the available light. In elose vision and 
bright light, the circular muscles eontraet, and the 
pupil eonstriets. In distant vision and dim light, the 
radial fibers eontraet to enlarge (dilate) the pupil, 
which allows more light to enter the eye. 

Sensory Layer The innermost sensory layer of 

the eye is the delieate two-layered retina (ret'i- 
nah), which extends anteriorly only to the eiliary 
body. The outer pigmented layer of the retina is 
eomposed of pigmented eells that, like those of 
the ehoroid, absorb light and prevent light from 
seattering inside the eye. They also aet as phago- 
eytes to remove dead or damaged reeeptor eells 
and store vitamin A needed for vision. 

The transparent inner neural layer of the 
retina eontains millions of reeeptor eells, the rods 
and eones, which are ealled photoreeeptors be- 
cause they respond to light (Figure 8-5). Eleetrieal 
signals pass from the photoreeeptors via a two- 
neuron ehain— bipolar eells and then ganglion 
eells —before leaving the retina via the optie 
nerve as nerve impulses that are transmitted to 
the optie cortex. The result is vision. 

The photoreeeptor eells are distributed over 
the entire retina, except where the optie nerve 
(eomposed of ganglion eell axons) leaves the 
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eyeball; this site is ealled the optie dise, or blind 
spot. When light from an objeet is foaased on the 
optie dise, the objeet disappears from our view 
and we eannot see it. 

The rods and eones are not evenly distributed 
in the retina. The rods are most dense at the pe- 
riphery, or edge, of the retina and deerease in 
number as the eenter of the retina is approaehed. 
The rods allow us to see in gray tones in dim light, 
and they provide our peripheral vision. 

HOMEOSTATIC IMBALANOE 

Anything that interferes with rod func- 
tion hinders our ability to see at night, a eondition 
ealled night blindness. Night blindness danger- 
ously impairs the ability to drive safely at night. Its 
most eommon cause is prolonged vitamin A defi- 
eieney, which eventually results in deterioration of 
much of the neural retina. As deseribed in “A 
Closer Look” on p. 286, vitamin A is one of the 
building bloeks of the pigments the photoreeeptor 
eells need to respond to light. Vitamin A supple- 
ments will restore function if taken before degen- 
erative ehanges occur. ) 

Cones are diseriminatory reeeptors that allow us 
to see the details of our world in eolor under bright 
light eonditions. They are densest in the eenter of 
the retina and deerease in number toward the reti- 
nal edge. Lateral to eaeh blind spot is the fovea 
eentralis (fo've-ah sen-tralis), a tiny pit that eon- 
tains only eones (see Figure 8.4). Consequently, this 
is the area of greatest visual acuity, or point of 
sharpest vision, and anything we wish to view eriti- 
eally is focused on the fovea eentralis. 

There are three varieties of eones. Eaeh type is 
most sensitive to particular wavelengths of visible 
light (Figure 8-6). One type responds most vigor- 
ously to blue light, another to green light. The 
third eone variety responds to a range including 
both green and red wavelengths of light. 
However, this is the only eone population to re- 
spond to red light at all, so these are ealled the 
“red eones.” Impulses reeeived at the same time 
from more than one type of eone by the visual 
cortex are interpreted as intermediate eolors. For 
example, simultaneous impulses from blue and 
red eolor reeeptors are seen as purple or violet 
tones. When all three eone types are being stimu- 
lated, we see white. If someone shines red light 
into one of your eyes and green into the other, 
you will see yellow, indieating that the “mixing” 
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Figure 8.6 Sensitivities of the three eone types 
to the different wavelengths of visible light. 


and interpretation of eolors occurs in the brain, 
not in the retina. 

HOMEOSTATIC IMBALANCE 

Laek of all three eone types results in to- 
tal eolor blindness, whereas laek of one eone type 
leads to partial eolor blindness. Most eommon is the 
laek of red or green reeeptors, which leads to two 
varieties of red-green eolor blindness. Red and 
green are seen as the same eolor—either red or 
green, depending on the eone type present. Many 
eolor-blind people are unaware of their eondition 
because they have learned to rely on other cues— 
such as differenees in intensities of the same eolor— 
to distinguish something green from something red, 
for example on traffie signals. Because the genes 
regulating eolor vision are on the X (female) sex 
ehromosome, eolor blindness is a sex-linked eondi- 
tion. It occurs almost exclusively in males. ) 

Lens 

Light entering the eye is focused on the retina by 
the lens, a flexible biconvex erystal-like structure. 
The lens is held upright in the eye by a suspen- 
sory ligament, the eiliary zonule, attaehed to the 
eiliary body (see Figure 8.4). 
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The tiny photoreeeptor eells of the retina have names that refleet their 
general shapes. As shown to the left, rods are slender, elongated 
neurons, whereas the fatter eones taper to pointed tips. In eaeh type 
of photoreeeptor, there is a region ealled an outer segment, attaehed 
to the eell body. The outer segment eorresponds to a light-trapping 
dendrite, in which the dises eontaining the visual pigments are 
staeked like a row of pennies. 

The behavior of the visual pigments is dramatie. When light strikes 
them, they lose their eolor, or are “bleaehed”; shortly afterward, they 
regenerate their pigment. Absorption of light and pigment bleaehing 
cause eleetrieal ehanges in the photoreeeptor eells that ultimately 
cause nerve impulses to be transmitted to the brain for visual 
interpretation. Pigment regeneration ensures that you are not 
blinded and unable to see in bright sunlight. 

A good deal is known about the structure and function of 
rhodopsin, the purple pigment found in rods (see figure below). It is 
formed from the union of a protein (opsin) and a modified vitamin A 
product (retinal). When eombined in rhodopsin, retinal has a kinked 
shape that allows it to bind to opsin. But when light strikes 
rhodopsin, retinal straightens out and releases the protein. Onee 
straightened out, the retinal continues its eonversion until it is onee 
again vitamin A. As these ehanges occur, the purple eolor of 
rhodopsin ehanges to the yellow of retinal and finally beeomes 
eolorless as the ehange to vitamin A occurs. Thus the term 
“bleaehing of the pigment” accurately deseribes the eolor ehanges 
that occur when light hits the pigment. Rhodopsin is regenerated 
as vitamin A is again eonverted to the kinked form of retinal and 
reeombined with opsin in an ATP-requiring proeess. The eone 
pigments, although similar to rhodopsin, differ in the speeifie 
kinds of proteins they eontain. 
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Figure 8-7 Photograph of a eataraet. The 

eataraet appears as a milky structure that seems to fi 
the pupil. 


HOMEOSTATIC IMBALANOE 

In youth, the lens is perfeetly transpar- 
ent and has the eonsisteney of hardened jelly, but 
as we age it beeomes inereasingly hard and 
opaque. Cataracts, which result from this proeess, 
cause vision to beeome hazy and distorted, and 
they eventually cause blindness in the affeeted eye 
(Figure 8.7). Other risk faetors for forming 
eataraets include diabetes mellitus, frequent expo- 
sure to intense sunlight, and heavy smoking. 
Current treatment of eataraets is either surgical re- 
moval of the lens and replaeement with a lens im- 
plant or speeial eataraet glasses. ) 

The lens divides the eye into two segments, or 
ehambers. The anterior (aqueous) segment, ante- 
rior to the lens, eontains a elear watery fluid ealled 
aqueous humor. The posterior (vitreous) seg- 
ment, posterior to the lens, is filled with a gel-like 
substance ealled either vitreous (vit're-us) humor 
or the vitreous body (see Figure 8.4). Vitreous 
humor helps prevent the eyeball from eollapsing 
inward by reinforeing it internally. Aqueous hu- 
mor is similar to blood plasma and is continually 
seereted by a speeial area of the ehoroid. Like the 
vitreous humor, it helps maintain intraoenlar 
(in"trah-ok'u-lar) pressnre, or the pressure inside 
the eye. It also provides nutrients for the avascular 
lens and eornea. Aqueous humor is reabsorbed 
into the venous blood through the seleral venous 
sinus, or eanal of Sehlemm (shlém), which is 
loeated at the junction of the selera and eornea. 



Fovea Macula Blood Optie dise Retina 
eentralis vessels 
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Figure 8.8 The posterior wall (fundus) of the 
retina as seen with an ophthalmoseope. Notiee the 
optie dise, from which the blood vessels radiate. 


HOMEOSTATIC IMBALANOE 

If drainage of aqueous humor is 
bloeked, fluid baeks up like a elogged sink. 
Pressure within the eye may inerease to dangerous 
levels and eompress the delieate retina and optie 
nerve. The resulting eondition, glaucoma (glaw- 
ko'mah; “vision going gray”), eventually causes 
pain and possibly blindness unless deteeted early. 
Glaucoma is a eommon cause of blindness in the 
elderly. Unfortunately, many forms of glaucoma 
progress slowly and have almost no symptoms at 
first. Thus, it steals sight slowly and painlessly until 
the damage is done. Later signs include seeing ha- 
los around lights, headaehes, and blurred vision. A 
simple instmment ealled a tonometer (to-nom'e-ter) 
is used to measure the intraocular pressure. This 
examination should be performed yearly in people 
over 40. Glaucoma is eommonly treated with eye- 
drops that inerease the rate of aqueous humor 
drainage. Laser or surgical enlargement of the 
drainage ehannel ean also be used. ) 

The ophthalmoseope (of-thal'mo-skóp) is an 
instmment that illuminates the interior of the eye- 
ball, allowing the retina, optie dise, and internal 
blood vessels at the fundus, or posterior wall of 
the eye, to be viewed and examined (Figure 8.8). 
Such an examination ean deteet eertain pathologieal 
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eonditions, such as diabetes, arterioselerosis, and 
degeneration of the optie nerve and retina. 



As you look at this figure, are your lenses relatively thiek 
or rela tively thin ? 


DID YOU GET IT r 

5. VVhat is the meaning of the term blind spot in relation 
to the eye? 

6 . VVhat fiinetion does the ehoroid of the vascular layer 
have in eommon with the pigmented layer of the 
retina? 

7. How do the rods and eones differ from eaeh other? 

For ansvvers, see Appendix D. 


Physiology of Vision 

Pathway of Light through the Eye 
and Light Refraetion 

Deseribe image formation on the retina. 

v' Define the following terms: aeeommodation, 

astigmatism, emmetropia, hyperopia, myopia, and 

refraetion . 

When light passes from one substance to another 
substance that has a different density, its speed 
ehanges and its rays are bent, or refraeted. Light 
rays are bent in the eye as they encounter the 
eornea, aqueous humor, lens, and vitreous humor. 

The refraetive, or bending, power of the eornea 
and humors is eonstant. However, that of the lens 
ean be ehanged by ehanging its shape—that is, by 
making it more or less convex, so that light ean be 
properly focused on the retina. The greater the lens 
convexity, or bulge, the more it bends the light. 
The fiatter the lens, the less it bends the light. 

The resting eye is “set” for distant vision. In 
general, light from a distant source (over 20 feet 
away) approaehes the eye as parallel rays (Figure 
8.9a), and the lens does not need to ehange shape 
to focus properly on the retina. However, light 
from a elose objeet tends to seatter and to diverge, 
or spread out, and the lens must bulge more to 
make elose vision possible (Figure 8.9b). To 
aehieve this, the eiliary body eontraets, allowing 
the lens to beeome more convex. This ability of the 
eye to focus speeifieally for elose objeets (those 
less than 20 feet away) is ealled aeeommodation. 
The image formed on the retina as a result of the 
light-bending aetivity of the lens is a real image— 
that is, it is reversed from left to right, upside down 
(inverted), and smaller than the objeet (Figure 8.10). 


A 



Retina 


Light from distant source 


Foeal point 



Light from near source Foeal point 



(b) 

Figiire 8.9 Relative convexity of the lens during 
focusing for distant and elose vision. (a) Light rays 
from a distant objeet are nearly parallel as they reaeh 
the eye and ean be focused without requiring ehanges 
in lens convexity. (b) Diverging light rays from elose 
objeets require that the lens bulge more to focus the 
image sharply on the retina. 

The normal eye is able to aeeommodate properly. 
However, vision problems occur when a lens is too 
strong or too weak (overeonverging and undercon- 
verging, respeetively) or from structural problems 
of the eyeball (as deseribed in “A Closer Look” on 
near- and farsightedness on pp. 290-291). 

Visual Fields and Visual 
Pathways to the Brain 

Traee the visual pathway to the visual cortex. 

Axons earrying impulses from the retina are bun- 
dled together at the posterior aspeet of the eyeball 


'yjoiiii ÁidAjie/ej sngj pue peB/ng eq p/no/v\ 

■ sesuQ/ jnoÁ os ‘uoisia eso/o jnoÁ Buisn eq p/no/v\ noy 

























Chapter 8: Speeial Senses 



Figure 8.10 Real image (reversed left to right, 
and upside down) formed on the retina. Notiee 
that the farther away the objeet, the smaller its image 
on the retina. 


and issue from the baek of the eye as the optie 
nerve. At the optie ehiasma (ki-as'mah; ehiasm = 
eross) the fibers from the medial side of eaeh eye 
eross over to the opposite side of the brain. The 
fiber traets that result are the optie traets. Eaeh 
optie traet eontains fibers from the lateral side of 
the eye on the same side and the medial side of 
the opposite eye. The optie traet fibers synapse 
with neurons in the thalamus, whose axons form 
the optie radiation, which runs to the oeeipital 
lobe of the brain. There they synapse with the eor- 
tieal eells, and visual interpretation, or seeing, oe- 
curs. The visual pathway from the eye to the brain 
is shown in Figiire 8.11. As you ean see, eaeh side 
of the brain reeeives visual input from both eyes— 
from the lateral field of vision of the eye on its 
own side and from the medial field of the other 
eye. Also notiee that eaeh eye “sees” a slightly dif- 
ferent view, but their visnal fields overlap quite a 
bit. As a result of these two faets, humans have 
hinocular vision. Binocular vision, literally “two- 
eyed vision,” provides for depth pereeption, also 
ealled “three-dimensional” vision, as our visual 
cortex fuses the two slightly different images de- 
livered by the two eyes. 

HOMEOSTATIC IMBALANOE 

Hemianopia (hem"e-ah-no'pe-ah) is 
the loss of the same side of the visual field of both 
eyes, which results from damage to the visual eor- 
tex on one side only (as occurs in some CVAs). 
Thus, the person would not be able to see things 
past the middle of his or her visual field on either 
the right or left side, depending on the site of the 
CVA. Such individuals should be carefully at- 
tended and warned of objeets in the nonfunctional 
(nonseeing) side of the visual field. Their food and 
personal objeets should always be plaeed on their 
functional side, or they might miss them. ) 



Fixation point 



(visual cortex) 


Figure 8.11 Visual fields of the eyes and visual 
pathway to the brain. Notiee that the visual fields 
overlap eonsiderably (area of binocular vision). Notiee also 
the retinal sites at which a real image would be focused 
when both eyes are fixed on a elose, pointlike objeet. 


Eye Reflexes 

Discuss the importanee of the eonvergenee and 

pupillary reflexes. 

Both the internal and the external (extrinsic) eye 
muscles are neeessary for proper eye function. The 
internal muscles are eontrolled by the autonomic 
nervous system. As mentioned earlier, these muscles 
include those of the eiliary body, which alters lens 
curvature, and the radial and circular muscles of the 
iris, which eontrol pupil size. As illustrated in Figure 
8.3, the external muscles are the rectus and oblique 
muscles attaehed to the eyeball exterior. The exter- 
nal muscles eontrol eye movements and make it 
possible to follow moving objeets. They are also 
responsible for eonvergenee, which is the reflexive 























It seems that vvhenever people vvho 
vvear glasses or eontaet lenses get 
together and discuss their vision, 
one of them says something like, 
“Nearby objeets appear blurry to 
me, but I ean’t remember if that 
means l’m nearsighted or 
farsighted.” Or, someone else 
may say, “My glasses allovv me 
to see faravvay objeets more 


elearly, so does that mean I am 
farsighted?” Here vve vvill explain 
the meaning of nearsightedness 
and farsightedness as vve explore 
the basis of eye-focusing 
disorders. 

The eye that focuses images 
eorreetly on the retina is said to 
have emmetropia (em"é-tro'pe- 
ah), literally, “harmonious vision.” 


Such an eye is shovvn in part (a) of 
the figure. 

Nearsightedness is formally 
ealled myopia (mi"o'pe-ah; “short 
vision”). It occurs vvhen the parallel 
light rays from distant objeets fail to 
reaeh the retina and instead are 
focused in front of it; see part (b) in 
the figure. Therefore, distant objeets 
appear blurry to myopie people. 
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Nearby objeets are in focus, 
hovvever, because the lens 
“aeeommodates” (bulges) to focus 
the image properly on the retina. 
Myopia results from an eyeball 
that is too long, a lens that is too 
strong, or a eornea that is too 
curved. Correction requires eoneave 
eorreetive lenses that diverge the 
light rays before they enter the 
eye, so that they eonverge farther 
baek. To ansvver the first question 
posed above, nearsighted people 
see near objeets elearly and need 
eorreetive lenses to focus distant 
objeets. 

Farsightedness is formally ealled 
hyperopia (hi"per-o'pe-ah; “far 
vision”). It occurs vvhen the parallel 
light rays from distant objeets are 
focused behind the retina—at least 


in the resting eye in vvhieh the lens 
is flat and the eiliary muscle is 
relaxed; see part (e) in the figure. 
Hyperopia usually results from an 
eyeball that is too short or a “lazy” 
lens. People vvith hyperopia ean 
see distant objeets elearly because 
their eiliary muscles eontraet 
continuously to inerease the 
light-bending povver of the lens, 
vvhieh moves the foeal point 
forvvard onto the retina. Hovvever, 
the diverging rays from nearby 
objeets are focused so far behind 
the retina that even at full “bulge,” 
the lens eannot focus the image 
on the retina. Therefore, nearby 
objeets appear blurry. Furthermore, 
hyperopie individuals are subject 
to eyestrain as their endlessly 
eontraeting eiliary muscles tire from 


overvvork. Correction of hyperopia 
requires convex eorreetive lenses 
that eonverge the light rays before 
they enter the eye. To ansvver the 
seeond question posed at the 
beginning of this essay, /arsighted 
people ean see /aravvay objeets 
elearly and require eorreetive 
lenses to focus on nearby objeets. 

Unequal curvatures in different 
parts of the eornea or lens cause 
astigmatism (ah-stig'mah-tizm). In 
this eondition, blurry images occur 
because points of light are focused 
not as points on the retina but as 
lines {astigma = not a point). Speeial 
eylindrieally ground lenses or 
eontaets are used to eorreet this 
problem. Eyes that are myopie or 
hyperopie and astigmatie require a 
more complex eorreetion. 


movement of the eyes medially when we view elose 
objeets. When eonvergenee occurs, both eyes are 
aimed toward the near objeet being viewed. The ex- 
trinsie muscles are eontrolled by somatie fibers of 
eranial nerves III, IV, and VI, as shown in Figure 8.3. 

When the eyes are suddenly exposed to bright 
light, the pupils immediately eonstriet; this is the 
photopupillary reflex. This proteetive reflex 
prevents excessively bright light from damaging 
the delieate photoreeeptors. The pupils also eon- 
striet reflexively when we view elose objeets; this 
aeeommodation pupillary reflex provides for 
more acute vision. 

Reading requires almost continuous work by 
both sets of muscles. The muscles of the eiliary 
body bring about the lens bulge, and the circular 
(or eonstrietor) muscles of the iris produce the ae- 
eommodation pupillary reflex. In addition, the 


extrinsic muscles must eonverge the eyes as well 
as move them to follow the printed lines. This is 
why long periods of reading tire the eyes and of- 
ten result in what is eommonly ealled eyestrain. 
When you read for an extended time, it is helpful 
to look up from time to time and stare into the dis- 
tanee. This temporarily relaxes all the eye muscles. 

DID YOU GET IT 

8 . What are the refraetory media of the eye? 

9. What name is given to the ability of the eye to focus 
on elose objeets? 

10. What is the differenee betvveen the optie traet and 
the optie nerve? 

11. In vvhat way does the photopupillary reflex proteet 
the eyes? 

For answers, see Appendix D. 
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Figure 8.12 Anatomy of the ear. 


Pmil:THEUR:HURm 

AND BALANEE 

At first glanee, the maehinery for hearing and bal- 
anee appears very emde. Fluids must be stirred 
to stimulate the reeeptors of the ear: sound vibra- 
tions move fluid to stimulate hearing reeeptors, 
whereas gross movements of the head disturb 
fluids surrounding the balanee organs. Reeeptors 
that respond to such physieal forees are ealled 
meehanoreeeptors (mek " ah-no-re-sep 'terz). 

Our hearing apparatus allows us to hear an 
extraordinary range of sound, and our highly 
sensitive equilibrium reeeptors keep our nervous 
system continually up to date on the position and 
movements of the head. Without this information, 
it would be difficult if not impossible to maintain 
our balanee. Although these two sense organs are 


housed together in the ear, their reeeptors respond 
to different stimuli and are aetivated indepen- 
dently of one another. 

Anatomy of the Ear 

Identify the structures of the external, middle, and 
internal ear, and list the functions of eaeh. 

Anatomieally, the ear is divided into three major 
areas: the external, or outer, ear; the middle ear; 
and the internal, or inner, ear (Figure 8.12). The 
external and middle ear structures are involved 
with hearing only. The internal ear functions in 
both equilibrium and hearing. 

External (Outer) Ear 

The external, or outer, ear is eomposed of the 
auricle and the external acoustic meatus. The 
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auricle (aw'ri-kul), or pinna (pin'nah), is what 
most people eall the “ear”—the shell-shaped stme- 
ture surrounding the auditory eanal opening. In 
many animals, the auricle eolleets and direets 
sound waves into the auditory eanal, but in hu- 
mans this fnnetion is largely lost. 

The external acoustic meatus (or emditory 
eanal) is a short, narrow ehamber (about 1 ineh 
long by 14 ineh wide) earved into the temporal 
bone of the skull. In its skin-lined walls are the 
ceruminous (sé-roo'mi-nus) glands, which se- 
erete waxy yellow eenimen or earwax, which 
provides a stieky trap for foreign bodies and re- 
pels inseets. 

Sound waves entering the auditory eanal even- 
tually hit the tympanie (tim-pan'ik; tympanum = 
dmm) membrane, or eardmm, and cause it to 
vibrate. The eanal ends at the eardmm, which sep- 
arates the external from the middle ear. 

Middle Ear 

The middle ear, or tympanie eavity, is a small, 
air-filled, mucosa-lined eavity within the temporal 
bone. It is flanked laterally by the eardmm and 
medially by a bony wall with two openings, the 
oval window and the inferior, membrane-eovered 
round window. The pharyngotympanie (think 
throat-eardmm: pharynx-tympanic) tube, or 

auditory tube, mns obliquely downward to link 
the middle ear eavity with the throat, and the mu- 
eosae lining the two regions are continuous. 
Normally, the pharyngotympanie tube is fiattened 
and elosed, but swallowing or yawning ean open 
it briefly to equalize the pressure in the middle ear 
eavity with the external, or atmospherie, pressure. 
This is an important function because the eardmm 
does not vibrate freely unless the pressure on both 
of its surfaces is the same. When the pressures are 
unequal, the eardmm bulges inward or outward, 
causing hearing difficulty (voiees may sound far 
away) and sometimes earaehes. The ear-popping 
sensation of the pressures equalizing is familiar to 
anyone who has flown in an airplane. 

HOMEOSTATIC IMBALANOE 

Inflammation of the middle ear, otitis 
media (o-ti'tis me'de-ah), is a fairly eommon result 
of a sore throat, espeeially in ehildren, whose 
pharyngotympanie tubes mn more horizontally. In 
otitis media, the eardmm bulges and often beeomes 



inflamed. When large amounts of fluid or pus accu- 
mulate in the eavity, an emergeney myringotomy 
(laneing of the eardmm) may be required to relieve 
the pressure. A tiny tube is implanted in the 
eardmm that allows pus to drain into the external 
ear eanal. The tube usually falls out by itself 
within the year. ) 

The more horizontal course of the pharyngo- 
tympanie tube in infants also explains why it is 
never a good idea to “prop” a bottle or feed them 
when they are lying flat (a eondition that favors 
the entry of the food into that tube). 

The tympanie eavity is spanned by the three 
smallest bones in the body, the ossieles (os'si- 
kulz), which transmit the vibratory motion of the 
eardmm to the flmds of the inner ear (see Figure 
8.12). These bones, named for their shape, are the 
hammer, or malleus (mà'le-us), the anvil, or 
incus (inkus), and the stirrup, or stapes 
(sta'pèz). When the eardmm moves, the hammer 
moves with it and transfers the vibration to the 
anvil. The anvil, in turn, passes the vibration on to 
the stirmp, which presses on the oval window of 
the inner ear. The movement at the oval window 
sets the fluids of the inner ear into motion, eventu- 
ally exciting the hearing reeeptors. 

Internal (Inner) Ear 

The internal ear is a maze of bony ehambers 
ealled the bony, or osseous, labyrinth (lab'i- 
rinth; “maze”), loeated deep within the temporal 
bone behind the eye soeket. The three subdivi- 
sions of the bony labyrinth are the spiraling, pea- 
sized eoehlea (kokle-ah, “snail”), the vestibule 
(ves'ti-bul), and the semicircular eanals. The 
vestibule is situated between the semicircular 
eanals and the eoehlea. The views of the bony 
labyrinth typieally seen in textbooks, including 
this one, are somewhat misleading because we are 
really talking about a eavity. The view seen in 
Figure 8.12 ean be eompared to a east of the bony 
labyrinth; that is, a labyrinth that was filled with 
plaster of paris and then had the bony walls re- 
moved after the plaster hardened. The shape of 
the plaster then reveals the shape of the eavity 
that worms through the temporal bone. 

The bony labyrinth is filled with a plasmalike 
fluid ealled perilymph (per'i-limf). Suspended in 
the perilymph is a membranous labyrinth, a 
system of membrane saes that more or less follows 
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the shape of the bony labyrinth. The membranous 
labyrinth itself eontains a thieker fluid ealled 
endolymph (en'do-limf). 


DID YOU GET IT 



12 . Which region(s) of the ear (external, middle, or internal) 
serve hearing only? 

13. Which structures of the ear transmit sound vibrations 
from the eardmm to the oval window? 

For answers, see Appendix D. 


Equilibrium 

Distinguish between statie and dynamie equilibrium. 

Deseribe how the equilibrium organs help maintain 

balanee. 

The equilibrium sense is not easy to deseribe be- 
cause it does not “see,” “hear,” or “feel.” What it 
does is respond (frequently without our aware- 
ness) to various head movements. The equilibrium 
reeeptors of the inner ear, eolleetively ealled the 
vestibular apparatus, ean be divided into two 
hanetional arms—one arm responsible for moni- 
toring statie equilibrium, and the other involved 
with dynamie equilibrium. 

Statie Equilibrium 

Within the membrane saes of the vestibule are re- 
eeptors ealled maculae (mak'u-le; “spots”) that 
are essential to our sense of statie equilibrium 
(Figure 8.13). The maculae report on ehanges in 
the position of the head in spaee with respeet to 
the pull of gravity when the body is not moving 
(.statie = at rest). Because they provide information 
on which way is up or down, they help us keep 
our head ereet. The maculae are extremely impor- 
tant to divers swimming in the dark depths (where 
most other orienting cues are absent), enabling 
them to tell which way is up (to the surface). Eaeh 
macula is a pateh of reeeptor (hair) eells with their 
“hairs” embedded in the otolithie membrane, a 
jellylike mass studded with otoliths (o'to-lithz), 
tiny stones made of calcium salts. As the head 
moves, the otoliths roll in response to ehanges in 
the pull of gravity. This movement ereates a pull 
on the gel, which in turn slides like a greased 
plate over the hair eells, bending their hairs. This 
event aetivates the hair eells, which send impulses 
along the vestibular nerve (a division of eranial 
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(b) 

Figure 8.13 Structure and function of maculae 
(statie equilibrium reeeptors). (a) Diagrammatie view 
of part of a macula. (b) When the head is tipped, the 
maculae are stimulated by movement of the otoliths in 
the gelatinous otolithie membrane in the direetion of 
gravitational pull, which ereates a pull on the hair eells. 
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Figure 8.14 Structure and function of the erista ampullaris 
(dynamie equilibrium reeeptor region). (a) Arranged in the three 
spatial planes, the semicircular ducts in the semicircular eanals eaeh 
have a svvelling ealled an ampulla at their base. (b) Eaeh ampulla 
eontains a erista ampullaris, a reeeptor that is essentially a cluster of 
hair eells vvith hairs projeeting into a gelatinous eap ealled the 
cupula. (e) VVhen head position ehanges during rotation or in an 
angular direetion, inertia causes the endolymph in the semicircular 
ducts to lag behind, and as the cupula moves it drags aeross the 
endolymph, vvhieh bends the hair eells in the opposite direetion. The 
bending results in inereased impulse transmission in the sensory 
neurons. This meehanism adjusts quickly if the angular motion (or 
rotation) continues at a eonstant speed. 
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nerve VIII) to the eerebellimi of the brain, inform- 
ing it of the position of the head in spaee. 

Dynamie Equilibrium 

The dynamie equilibrium reeeptors, found in 
the semicircular eanals, respond to angular or rota- 
tory movements of the head rather than to 
straight-line movements. When you twirl on the 
danee fioor or suffer through a rough boat ride, 
these reeeptors are working overtime. The semi- 
circular eanals (eaeh about l A ineh, or 1.3 em, 
around) are oriented in the three planes of spaee. 
Thus, regardless of which plane you move in, 
there will be reeeptors to deteet the movement. 


Within the ampnlla, a swollen region at the 
base of eaeh membranous semicircular eanal 
(Figure 8.14a), is a reeeptor region ealled a 
erista ampullaris (kris'tah am"pu-lar'is), or sim- 
ply erista, which eonsists of a tuft of hair eells 
eovered with a gelatinous eap ealled the cupula 
(ku'pu-lah) (Figure 8.l4b). When your head 
moves in an arelike or angular direetion, the en- 
dolymph in the eanal lags behind. Then, as the 
cupula drags against the stationary endolymph, 
the cupula bends—like a swinging door—with 
the body’s motion. This stimulates the hair eells, 
and impulses are transmitted up the vestibular 
nerve to the cerebellum. Bending the cupula in 
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Patients trying to regain mobility 
rely on physieal therapy assistants. 

As the population ages, a growing 
number of people find themselves 
needing in-home medieal eare as 
they reeover from injuries or surgical 
procedures. Many of these patients 
will rely on physieal therapy 
assistants like Leslie Burgess. 

Burgess works for Amedisys 
Home Health Care, and 90 to 95 
pereent of her patients are senior 
eitizens. Physieal therapy is 
preseribed by a doetor, then a 
lieensed physieal therapist will visit 
the patient and write a treatment 
plan. Based on the nature of the 
problem, this regimen may 
ineorporate strength, movement, 
and/or balanee training, with the 
goal of improving mobility, reducing 
pain, and/or helping the patient 
function with a disability. The 
therapist will also set goals: for 
example, the patient will be able to 
walk 300 feet with a eane after 
six weeks. 

Burgess’s job is to help the 
patients earry out these treatment 
plans, visiting the patient two or three 
times a week, for six to eight weeks 
or more depending on the patient’s 
progress. In some eases, she will use 
eleetrieal stimulation or ultrasound to 
stimulate nerves or muscles. If the 
patient has a new pieee of 
equipment, like a eane or a walker, 
she will help him or her learn to use it. 
She’ll review any preseribed 
medieation and make sure he or she 
is taking it, and will often discuss 
safety eoneerns with the patient and 
his or her family, like loose eleetrie 


eords that the patient 
could trip on. Finally, she 
will leave instmetions 
with the patient to do 
exercise on his or 
her own. 

In addition to the satisfaetion of 
seeing her patients make progress, 
Burgess particularly enjoys the 
patients themselves, “most of whom 
are older people with stories to tell,” 
she says. 

In some eases, part of her job 
is to help her patients and their 
families reeognize that they will 
not be exactly the way they were 
before, particularly if they have 
suffered a stroke or other severe 
injury. The faet that patients may 
also be eoping with hearing or vision 
loss only eomplieates their therapy. 

“As we start to age we begin to 
lose our independenee,” she says. 
“So what ean we do to ehange your 
lifestyle so that you ean still be as 
independent as possible?” 

Anatomy is an important part of 
physieal therapy work, Burgess 
says. “VVorking with various 
deviations of movement, it’s 
neeessary to know what bones and 
muscles are involved, so that you 
know what bones and muscles to 
strengthen or to show them what to 
ehange to regain their mobility.” 

Psyehology, sensitivity, and 
good communication skills are 
also important, Burgess says. 

Physieal therapy assistants work 
in hospitals, nursing homes and 
elinies—anywhere physieal 
therapists are found. They usually 
work direetly with patients, putting 



The faet that 
patients may also 
be eoping with 
hearing or vision 
loss only 
eomplieates their 
therapy. 


them through exercises under the 
supervision of a physieal therapist. In 
these eases, not all patients are 
geriatrie—some are reeovering from 
serious injuries such as might occur 
in ear aeeidents or have eonditions 
such as eerebral palsy. 

Many states require that physieal 
therapy assistants eomplete an 
assoeiate’s degree and pass a board 
exam, in addition to eompleting 
continuing education. 

For more information, eontaet 

Ameriean Physieal Therapy 

Assoeiation 

1111 N. FairfaxSt. 

Alexandria, VA 22314-1488 
(800) 999-APTA 
http://www.apta.org 


For additional information on this eareer, 
eliek the Focus on Careers link at 

www.anatomyandphysiology.com. 
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the opposite direetion reduces impulse genera- 
tion. When you are moving at a eonstant rate, the 
reeeptors gradually stop sending impulses, and 
you no longer have the sensation of motion until 
your speed or direetion of movement ehanges. 

Although the reeeptors of the semicircular 
eanals and vestibule are responsible for dynamie 
and statie equilibrium, respeetively, they usually 
aet together. Besides these equilibrium senses, 
sight and the proprioeeptors of the muscles and 
tendons are also important in providing the 
cerebellum with information used to eontrol 
balanee. 


DID YOU GET IT r 

14. VVhat sense do the vestibule and semieireiilar eanals 
serve? 

15. Benji is enjoying a boat ride until a storm suddenly 
deseends on the bay. Soon he is nauseated and ean 
barely stand up. VVhieh equilibrium reeeptors—statie 
or dynamie—are operating furiously during such a 
rough voyage? 

16. VVhat are otoliths, and what is their role in equilibrium? 

For ansvvers, see Appendix D. 


Hearing 

Explain the function of the spiral organ of Corti in 
hearing. 

Define sensorineural and conductive deafness, and list 
possible causes of eaeh. 

Explain how a person is able to loealize the source of 
a sound. 

Within the eoehlear duct, the endolymph- 
eontaining membranous labyrinth of the eoehlea is 
the spiral organ of Corti (kor'te), which eontains 
the hearing reeeptors, or hair eells (Figure 
8.15a). The ehambers (sealae) above and below 
the eoehlear duct eontain perilymph. Sound waves 
that reaeh the eoehlea through vibrations of the 
eardmm, ossieles, and oval window set the eoehlear 
fluids into motion (Figure 8.16). As the sound 
waves are transmitted by the ossieles from the 
eardmm to the oval window, their foree (ampli- 
tude) is inereased by the lever aetivity of the ossi- 
eles. In this way, nearly the total foree exerted on 
the much larger eardmm reaehes the tiny oval 
window, which in turn sets the fluids of the inner 
ear into motion, and these pressure waves set up 
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Figure 8.15 Anatomy of the eoehlea. (a) A eross-seetional view of one turn of 
the eoehlea, showing the position of the spiral organ of Corti in the eoehlear duct. The 
eavities of the bony labyrinth eontain perilymph. The eoehlear duct eontains endolymph. 
(b) Detailed structure of the organ of Corti. The reeeptor eells (hair eells) rest on the 
basilar membrane. 
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Figure 8-16 Route of sound waves through the ear. To excite the hair eells in 
the spiral organ of Corti in the inner ear, sound wave vibrations must pass through air, 
membranes, bone, and fluid. 


vibrations in the basilar membrane. The reeep- 
tor eells, positioned on the basilar membrane in 
the spiral organ of Corti, are stimialated when their 
“hairs” are bent or tweaked by the movement of 
the gel-like teetorial (tek-to're-al) membrane 
that lies over them (see Figure 8.15b). The length 
of the fibers spanning the basilar membrane 
U tunes” speeifie regions to vibrate at speeifie fre- 
quencies. In general, high-pitehed sounds disturb 
the shorter, stiffer fibers of the basilar membrane 
and stimulate reeeptor eells elose to the oval win- 
dow, whereas low-pitched sounds affeet longer, 
more floppy fibers and aetivate speeifie hair eells 
further along the eoehlea (Figure 8.17). Onee 
stimulated, the hair eells transmit impulses along 
the eoehlear nerve (a division of eranial nerve 
VIII—the vestibulocochlear nerve) to the auditory 
cortex in the temporal lobe, where interpretation 
of the sound, or hearing, occurs. Because sound 
usually reaehes the two ears at different times, we 
could say that we hear “in stereo.” Functionally, 
this helps us to determine where sounds are eom- 
ing from in our environment. 

When the same sounds, or tones, keep reaeh- 
ing the ears, the auditory reeeptors tend to adapt, 
or stop responding, to those sounds, and we are 
no longer aware of them. This is why the drone of 
a continuously mnning motor does not demand 
our attention after the first few seeonds. However, 
hearing is the last sense to leave our awareness 


when we fall asleep or reeeive anesthesia (or die) 
and is the first to return as we awaken. 

Hearing and Equilibrium 

Defieits 

HOMEOSTATIC IMBALANCE 

ehildren with ear problems or hearing 
defieits often pull on their ears or fail to respond 
when spoken to. Under such eonditions, tuning fork 
or audiometry testing is done to try to diagnose the 
problem. Deafness is defined as hearing loss ofany 
degree —from a slight loss to a total inability to hear 
sound. Generally speaking, there are two kinds of 
deafness, conduction and sensorineural. Temporary 
or permanent conduction deafness results when 
something interferes with the conduction of sound 
vibrations to the flmds of the inner ear. Something 
as simple as a buildup of earwax may be the cause. 
Other causes of conduction deafness include fusion 
of the ossieles (a problem ealled otoselerosis [o"to- 
sklé-ro'sis]), a mptured eardmm, and otitis media. 

Sensorineural deafness occurs when there is 
degeneration or damage to the reeeptor eells in 
the spiral organ of Corti, to the eoehlear nerve, or 
to neurons of the auditory cortex. This often re- 
sults from extended listening to excessively loud 
sounds. Thus, whereas conduction deafness re- 
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Figure 8.17 Aetivation of the eoehlear hair 
eells. (a) The eoehlea is dravvn as though it vvere 
iineoiled to make the events of sound transmission 
occurring there easier to follovv. Sound vvaves of lovv 
frequency belovv the level of hearing travel entirely 
around the eoehlear duct without exciting hair eells. 
But sounds of higher frequency result in pressure 
waves that penetrate through the eoehlear duct and 
basilar membrane to reaeh the seala tympani. This 
causes the basilar membrane to vibrate maximally in 
eertain areas in response to eertain frequencies of 
sound, stimulating particular hair eells and sensory 
neurons. The differential stimulation of hair eells is 
pereeived in the brain as sound of a eertain piteh. 

(b) The length and stiffness of the fibers spanning the 
basilar membrane tune speeifie regions to vibrate at 
speeifie frequencies. The higher notes—20,000 Hertz 
(Hz)—are deteeted by shorter, stiffer hair eells along 
the base of the basilar membrane. 
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sults from meehanieal faetors, sensorineural deaf- 
ness is a problem of nervous system structures. 

A person who has a hearing loss due to eon- 
duction deafness will still be able to hear by bone 
conduction, even though his or her ability to hear 
air-conducted sounds (the normal conduction 
route) is deereased or lost. In eontrast, individuals 
with sensorineural deafness eannot hear better by 
either conduction route. Hearing aids, which use 
skull bones to conduct sound vibrations to the in- 
ner ear, are generally very successful in helping 
people with conduction deafness to hear. They are 
less helpful for sensorineural deafness. 

Equilibrium problems are usually obvious. 
Nausea, dizziness, and problems in maintaining 
balanee are eommon symptoms, particularly when 
impulses from the vestibular apparatus “disagree” 
with what we see (visual input). There also may 
be strange (jerky or rolling) eye movements. 

A serious pathology of the inner ear is 
Ménière’s (màn"e-airz() syndrome. The exact 
cause of this eondition is not fully known, but sus- 


peeted causes are arterioselerosis, degeneration of 
eranial nerve VIII, and inereased pressure of the in- 
ner ear fluids. In Ménière’s syndrome, progressive 
deafness occurs. Affeeted individuals beeome nau- 
seated and often have howling or ringing sounds 
in their ears and vertigo (a sensation of spinning) 
that is so severe that they eannot stand up without 
extreme diseomfort. Anti-motion siekness dmgs 
are often preseribed to deerease the diseomfort. ) 


DID YOU GET IT 



17. From the air outside the body, through what 
substances do sound waves travel to excite the 
reeeptor eells of the eoehlea? 

18. VVhieh nerve transmits impulses from the spiral organ 
of Corti to the brain? 

19. Do high-pitehed sounds peak elose to or far from the 
oval window? 

20 . How do sensorineural and conductive deafness differ 
from eaeh other? 


For answers, see Appendix D. 
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How does sniffing help to identify seents? 
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Figure 8.18 Loeation and cellular makeup of the olfaetory epithelium. 


PflRT líí: CHEyMIC/IL SEMSES: S/MEtl 
dND TASTE 

✓ Deseribe the loeation, structure, and function of the 
olfaetory and taste reeeptors. 

,Z Name the five basie taste sensations and list faetors 
that modify the sense of taste. 

The reeeptors for taste and olfaetion are elassified 
as ehemoreeeptors (ke"mo-re-sep'terz) because 
they respond to ehemieals in solution. Five types 
of taste reeeptors have been identified, but the ol- 
faetory reeeptors (for smell) are believed to be sen- 
sitive to a much wider range of ehemieals. The 
reeeptors for smell and taste eomplement eaeh 
other and respond to many of the same stimuli. 

Olfaetory Reeeptors 
and the Sense of Smell 

Even though our sense of smell is far less acute 
than that of many other animals, the human nose 
is still no slouch in pieking up small differenees in 


odors. Some people eapitalize on this ability by 
beeoming tea and eoffee blenders, perfumers, or 
wine tasters. 

The thousands of olfaetory reeeptors, reeep- 
tors for the sense of smell, occupy a postage 
stamp-size area in the roof of eaeh nasal eavity 
(Figure 8.18). Air entering the nasal eavities must 
make a hairpin turn to enter the respiratory pas- 
sageway below, so sniffing, which causes more air 
to flow superiorly aeross the olfaetory reeeptors, 
intensifies the sense of smell. 

The olfaetory reeeptor eells are neurons 
equipped with olfaetory hairs, long eilia that 
protmde from the nasal epithelium and are eontin- 
uously bathed by a layer of mucus seereted by un- 
derlying glands. When the olfaetory reeeptors 
loeated on the eilia are stimulated by ehemieals 
dissolved in the mucus, they transmit impulses 
along the olfaetory fìlaments, which are bun- 
dled axons of olfaetory neurons that eolleetively 
make up the olfaetory nerve (eranial nerve I). 
The olfaetory nerve conducts the impulses to the 
olfaetory cortex of the brain. There the odor is in- 
terpreted, and an “odor snapshot” is made. The ol- 
faetory pathways are elosely tied into the limbie 
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system (emotional-viseeral part of the brain). 
Thus, olfaetory impressions are long-lasting and 
very much a part of our memories and emotions. 
For example, the smell of ehoeolate ehip eookies 
may remind you of your grandmother, and the 
smell of a speeial pipe tobaeeo may make you 
think of your father. There are hospital smells, 
sehool smells, baby smells, travel smells. The list 
ean be continued almost without end. Our reae- 
tions to odors are rarely neutral. We tend to either 
like or dislike eertain odors, and we ehange, 
avoid, or add odors aeeording to our preferenees. 

The olfaetory reeeptors are exquisitely sensi- 
tive—just a few molecules ean aetivate them. Like 
the auditory reeeptors, the olfaetory neurons tend 
to adapt rather quickly when they are exposed to 
an unchanging stimulus, in this ease, an odor. This 
is why a woman stops smelling her own perfume 
after a while but will quickly piek up the seent of 
another perfume on someone else. 

H0ME0STATIC IMBALANOE 

While it is possible to have either taste 
or smell defieits, most people seeking medieal help 
for loss of ehemieal senses have olfaetory disorders, 
or anosmias (ah-noz'me-uz). Most anosmias result 
from head injuries, the aftereffeets of nasal eavity 
inflammation (due to a eold, an allergy, or smok- 
ing), or aging. Some brain disorders ean destroy the 
sense of smell or mimie it. For example, olfaetory 
auras (olfaetory hallucinations) are experienced by 
some epilepties just before they go into seizures. ) 

Taste Buds and the Sense 
of Taste 

The word taste eomes from the Latin word taxare, 
which means “to touch, estimate, or judge.” When 
we taste things, we are, in faet, testing or judging 
our environment in an intimate way, and the sense 
of taste is eonsidered by many to be the most 
pleasurable of our speeial senses. 

The taste buds, or speeifie reeeptors for the 
sense of taste, are widely seattered in the oral eav- 
ity. Of the 10,000 or so taste buds that we have, 
most are on the tongue. A few are seattered on the 
soft palate, superior part of the pharynx, and inner 
surface of the eheeks. 

The dorsal tongue surface is eovered with 
small peglike projeetions, or papillae (pah-pil'e). 



The taste buds are found on the sides of the large 
round circumvallate (ser" kum-val 'at) papillae 
and on the tops of the more numerous fungiform 
(fun'ji-form) papillae (Figure 8.19). The speeifie 
eells that respond to ehemieals dissolved in the 
saliva are epithelial eells ealled gustatory eells. 
Their long mierovilli—the gustatory hairs— 
protmde through the taste pore, and when they 
are stimulated, they depolarize and impulses are 
transmitted to the brain. Three eranial nerves—VII, 
IX, and X—earry taste impulses from the various 
taste buds to the gustatory cortex. The faeial nerve 
(VII) serves the anterior part of the tongue. The 
other two eranial nerves—the glossopharyngeal 
and vagus —serve the other taste bud-containing 
areas. Because of their loeation, taste bud eells are 
subjected to huge amounts of frietion and are rou- 
tinely burned by hot foods. Luckily, they are 
among the most dynamie eells in the body, and 
they are replaeed every seven to ten days by 
basal eells (stem eells) found in the deeper 
regions of the taste buds. 

There are five basie taste sensations, eaeh eor- 
responding to stimulation of one of the five major 
types of taste buds. The sweet reeeptors respond to 
substances such as sugars, saeeharine, some 
amino aeids, and some lead salts (such as those 
found in lead paint). Sour reeeptors respond to hy- 
drogen ions (H + ), or the aeidity of the solution; 
bitter reeeptors to alkaloids; and salty reeeptors to 
metal ions in solution. Umami (u-mah'me; “deli- 
cious”), a taste diseovered by the Japanese, is 
elieited by the amino aeid glutamate, which ap- 
pears to be responsible for the “beef taste” of 
steak and the flavor of monosodium glutamate, a 
food additive. 

Historieally, the tip of the tongue was be- 
lieved to be most sensitive to sweet and salty sub- 
stanees, its sides to sour, the baek of the tongue 
to bitter, and the pharynx to umami. Actually 
there are only slight differenees in the loeations of 
the taste reeeptors in different regions of the 
tongue, but the bitter reeeptors do seem to be 
clustered more at the rear of the tongue. Most 
taste buds respond to two, three, four, or even all 
five taste modalities. 

Taste likes and dislikes have homeostatie 
value. A liking for sugar and salt will satisfy the 
body’s need for earbohydrates and minerals (as 
well as some amino aeids). Many sour, naturally 
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Figure 8-19 Loeation and stmetiire of taste buds. (a) Taste buds on the tongue 
are assoeiated with papillae, projeetions of the tongue mucosa. (b) A seetioned 
circumvallate papilla shows the position of the taste buds in its lateral walls. (e) An 
enlarged view of four taste buds. 


aeidie foods (such as oranges, lemons, and 
tomatoes) are rieh sources of vitamin C, an es- 
sential vitamin. Umami guides the intake of pro- 
teins, and because many natural poisons and 
spoiled foods are bitter, our dislike for bitterness 
is proteetive. 

Taste is affeeted by many faetors, and what is 
eommonly referred to as our sense of taste de- 
pends heavily on stimulation of our olfaetory re- 
eeptors by aromas. Think of how bland food is 
when your nasal passages are eongested by a 
eold. Without the sense of smell, our morning eof- 
fee would simply taste bitter. In addition, the tem- 
perature and texture of food ean enhanee or spoil 
its taste for us. For example, some people will not 
eat foods that have a pasty texture (avoeados) or 
that are gritty (pears), and almost everyone eon- 
siders a eold greasy hamburger unfit to eat. “Hot” 
foods such as ehili peppers actually excite pain re- 
eeptors in the mouth. 


DID YOU GET IT r 

21 . What name is used to deseribe both taste and smell 
reeeptors? Why? 

22 . Where, relative to speeifie structures, are most taste 
buds loeated? 

23. Why does it help to sniff substances you are smelling? 

For answers, see Appendix D. 

P/IRTII/:DEI/ElOP/l/IENM/ISPEtTS 

OFTHESPEtl/llSENSES 

✓ Deseribe ehanges that occur with age in the speeial 
sense organs. 

The speeial sense organs, essentially part of the 
nervous system, are formed very early in embryonie 
development. For example, the eyes, which are 
literally outgrowths of the brain, are developing by 
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the fomth week. All of the speeial senses are func- 
tional, to a greater or lesser degree, at birth. 

HOMEOSTATIC IMBALANOE 

Congenital eye problems are relatively 
uncommon, but we ean give some examples. 
Strabismus (strah-biz'mus), which is eommonly 
ealled “erossed eyes,” results from unequal pulls by 
the external eye muscles that prevent the baby 
from eoordinating movement of the two eyes. First, 
exercises are used to strengthen the weaker eye 
muscles, and/or the stronger eye may be eovered 
with an eye pateh to foree the weaker muscles to 
beeome stronger. If these measmes are not suc- 
cessful, surgery is always used to eorreet the eondi- 
tion because, if it is allowed to persist, the brain 
may stop reeognizing signals from the deviating 
eye, causing that eye to beeome functionally blind. 

Maternal infeetions, particularly rnbella 
(measles), that occur during early pregnaney may 
lead to eongenital blindness or eataraets. If the 
mother has a type of sexually transmitted infee- 
tion ealled gonorrhea (gon"o-re'ah), the baby’s 
eyes will be infeeted by the baeteria during deliv- 
ery. In the resulting eonjnnetivitis, speeifieally 
ealled ophthalmia neonatorum (of-thal'me-ah 
ne"o-na-to'rum), the baby’s eyelids beeome red 
and swollen, and pus is produced. All states 
legally require that all newborn babies’ eyes be 
routinely treated with silver nitrate or antibioties 
shortly after birth. ) 

Generally speaking, vision is the only speeial 
sense that is not fully functional when the baby is 
born, and many years of “learning” are needed be- 
fore the eyes are fully mature. The eyeballs eon- 
tinue to enlarge until the age of 8 or 9, but the 
lens grows throughout life. At birth, the eyeballs 
are foreshortened, and all babies are hyperopie 
(farsighted). As the eyes grow, this eondition usu- 
ally eorreets itself. The newborn infant sees only 
in gray tones, makes uncoordinated eye move- 
ments, and often uses only one eye at a time. 
Because the laerimal glands are not fully devel- 
oped until about two weeks after birth, the baby is 
tearless for this period, even though he or she 
may ery lustily. 

By 5 months, the infant is able to focus on arti- 
eles within easy reaeh and to follow moving ob- 
jeets, but visual acuity is still poor. For example, 
an objeet that someone with mature vision ean see 



elearly 200 feet away has to be a mere 20 feet 
away before an infant ean see it elearly. (Such vi- 
sion is said to be 20/200.) By the time the ehild is 
5 years old, eolor vision is well developed, visual 
acuity has improved to about 20/30, and depth 
pereeption is present, providing a readiness to be- 
gin reading. By sehool age, the earlier hyperopia 
has usually been replaeed by emmetropia. This 
eondition continues until about age 40, when 
presbyopia (pres"be-o'pe-ah) begins to set in. 
Presbyopia (literally, “old vision”) results from de- 
ereasing lens elastieity that aeeompanies aging. 
This eondition makes it difficult to focus for elose 
vision; it is basieally farsightedness. The person 
who holds the newspaper at arm’s length to read 
it provides the most familiar example of this devel- 
opmental ehange in vision. 

As aging occurs, the laerimal glands beeome 
less aetive, and the eyes tend to beeome dry and 
more vulnerable to baeterial infeetion and irrita- 
tion. The lens loses its erystal elarity and beeomes 
diseolored. As a result, it begins to seatter light, 
causing a glare that is distressing when the person 
drives at night. The dilator muscles of the iris be- 
eome less effieient; thus, the pupils are akvays 
somewhat eonstrieted. These last two eonditions 
work together to deerease the amount of light 
reaehing the retina, and visual acuity is dramati- 
eally lower by one’s seventies. In addition to these 
ehanges, older people are susceptible to eertain 
eonditions that may result in blindness, such as 
glaucoma, eataraets, arterioselerosis, and diabetes. 

HOMEOSTATIC IMBALANOE 

Congenital abnormalities of the ears 
are fairly eommon. Examples include partly or 
eompletely missing pinnas and elosed or absent 
external acoustic meatuses. Maternal infeetions 
ean have a devastating effeet on ear development, 
and maternal mbella during the early weeks of 
pregnaney results in sensorineural deafness. ) 

A newborn infant ean hear after his or her first 
ery, but early responses to sound are mostly 
reflexive—for example, erying and elenehing the 
eyelids in response to a loud noise. By the age of 
3 or 4 months, the infant is able to loealize sounds 
and will turn to the voiees of family members. The 
toddler listens eritieally as he or she begins to imi- 
tate sounds, and good language skills are very 
elosely tied to an ability to hear well. 
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Except for ear inflammations ( otitis ) resulting 
from baeterial infeetions or allergies, few problems 
affeet the ears during ehildhood and adult life. By 
the sixties, however, a gradual deterioration and at- 
rophy of the spiral organ of Corti begins and leads to 
a loss in the ability to hear high tones and speeeh 
sounds. This eondition, presbycusis (pres"bi- 
ku'sis), is a type of sensorineural deafness. In some 
eases, the ear ossieles fuse (otoselerosis) , which 
compounds the hearing problem by interfering with 
sound conduction to the inner ear. Because many 
elderly people refuse to aeeept their hearing loss and 
resist using hearing aids, they begin to rely more and 
more on their vision for clues as to what is going on 
around them and may be accused of ignoring peo- 
ple. Although presbycusis was onee eonsidered a 
disability of old age, it is beeoming much more eom- 
mon in younger people as our world grows noisier 
day by day. The damage caused by excessively loud 
sounds is progressive and emmilative. Music played 
and heard at deafening levels definitely contributes 
to the deterioration of the hearing reeeptors. 

The ehemieal senses, taste and smell, are sharp 
at birth, and infants relish some food that adults 
eonsider bland or tasteless. Some researehers elaim 
the sense of smell is just as important as the sense 


of touch in guiding a newborn baby to its mother’s 
breast. However, very young ehildren seem indif- 
ferent to odors and ean play happily with their 
own feees. As they get older, their emotional re- 
sponses to speeifie odors inerease. 

There appear to be few problems with the 
ehemieal senses throughout ehildhood and young 
adulthood. Beginning in the midforties, our ability 
to taste and smell diminishes, which refleets the 
gradual deerease in the number of these reeeptor 
eells. Almost half of people over the age of 80 
eannot smell at all, and their sense of taste is poor. 
This may explain their inattention to formerly dis- 
agreeable odors, and why older adults often prefer 
highly seasoned (although not neeessarily spiey) 
foods or lose their appetite entirely. 


DID YOU GET IT 



24. Fifty-year-old Mrs. Bates is eomplaining that she ean’t 
read without holding the newspaper out at arm’s 
length. What name is given to her problem? 

25. Which of the speeial senses is least mature at birth? 

26. What is presbycusis? 

For answers, see Appendix D. 


Summan/ 

Aeeess more review material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included below. 

iP = interaetive Physiology 

PMI:THEEYE/ll\IDMIOI\l {PP . 279-291) 

1. External/accessory structures of the eye: 

a. Extrinsic eye rmiseles aim the eyes for following 
moving objeets and for eonvergenee. 

b. The laerimal apparatus inehides a series of ducts 
and the laerimal glands that produce a saline so- 
lution, which washes and lubricates the eyeball. 

e. Eyelids proteet the eyes. Assoeiated with the eye- 
lashes are the eiliary glands (modified sweat 
glands) and the tarsal glands (which produce an 
oily seeretion that helps keep the eye lubricated). 


d. The conjunctiva is a mucous membrane that 
eovers the anterior eyeball and lines the eyelids. 
It produces a lubricating mucus. 

2. Three layers form the eyeball. 

a. The selera forms most of the outer, tough, pro- 
teetive fibrous layer. The anterior portion is the 
eornea, which is transparent to allow light to en- 
ter the eye. 

b. The vascular layer, or middle eoat, provides nu- 
trition to the internal eye structures. Its posterior 
portion, the ehoroid, is pigmented and prevents 
light’s seattering in the eye. Anterior modifiea- 
tions include two smooth rmisele structures: the 
eiliary body and the iris (which eontrols the size 
of the pupil). 

e. The sensory layer eonsists of the two-layered 
retina—a pigmented epithelium and the inner- 
most (neural) eoat, which eontains the pho- 
toreeeptors. Rods are dim light reeeptors. 
Cones are reeeptors that provide for eolor 
vision and high visual acuity. The fovea 
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eentralis, on which acute focusing occurs, 
eontains only eones. 

3. The blind spot (optie dise) is the point where the 
optie nerve leaves the baek of the eyeball. 

4. The lens is the major light-bending (refraetory) 
structure of the eye. Its convexity is inereased by 
the eiliary body for elose focus. Anterior to the 
lens is the aqueous humor; posterior to the lens is 
the vitreous humor. Both humors reinforee the eye 
internally. The aqueous humor also provides nutri- 
ents to the avascular lens and eornea. 

3. Errors of refraetion inehide myopia, hyperopia, 
and astigmatism. All are eorreetable with speeially 
ground lenses. 

6. The pathway of light through the eye is eornea -» 
aqueous humor —» (through pupil) —» aqueous 
humor —» lens —» vitreous humor —» retina. 

7. Overlap of the visual fields and inputs from both 
eyes to eaeh optie cortex provide for depth 
pereeption. 

8. The pathway of nerve impulses from the retina of 
the eye is optie nerve —» optie ehiasma —» optie 
traet —» thalarmas —» optie radiation —» visual 
cortex in oeeipital lobe of brain. 

9. Eye reflexes include the photopupillary, aeeommo- 
dation pupillary, and eonvergenee. 

PARTII: THE EAR: HEARING 

AND BALANEE (pp. 292-299) 

1. The ear is divided into three major areas. 

a. External ear structures are the pinna, external 
acoustic meatus, and tympanie membrane, or 
eardrrim. Sorind entering the external aeoristie 
meatris sets the eardmm into vibration. These 
strrietrires are involved with sormd transmis- 
sion only. 

b. Middle ear structures are the ossieles and 
pharyngotympanie tube within the tympanie 
eavity. Auditory ossieles transmit the vibratory 
motion from the eardmm to the oval window. 
The pharyngotympanie tribe allows pressure to 
be equalized on both sides of the eardmm. 
These structures are involved with sound trans- 
mission only. 

e. The internal ear, or bony labyrinth, eonsists of 
bony ehambers (eoehlea, vestibule, and semieir- 
erilar eanals) in the temporal bone. The bony 
labyrinth eontains perilymph and membranoris 
saes filled with endolymph. Within the membra- 


nous saes of the vestibule and semicircular eanals 
are equilibrium reeeptors. Hearing reeeptors are 
found within the membranes of the eoehlea. 

2. Reeeptors of the semicircular eanals (eristae am- 
pullares) are dynamie equilibrium reeeptors, which 
respond to angrilar or rotational body movements. 
Reeeptors of the vestibrile (maculae) are statie 
equilibrium reeeptors, which respond to the pull 
of gravity and report on head position. Visual and 
proprioeeptor input to the brain are also neeessary 
for normal balanee. 

3. Symptoms of equilibrium apparatus problems in- 
clude involuntary rolling of the eyes, nausea, ver- 
tigo, and an inability to stand ereet. 

4. Hair eells of the spiral organ of Corti (the reeeptor 
for hearing within the eoehlea) are stimulated by 
sound vibrations transmitted through air, mem- 
branes, bone, and flmds. 

3. Deafness is any degree of hearing loss. Conduction 
deafness results when the transmission of sound 
vibrations through the external and middle ears is 
hindered. Sensorineural deafness occurs when 
there is damage to the nervous system structures 
involved in hearing. 

PART III: CHEMICAL SENSES: SMEU 

ANDTASTE (pp. 300-302) 

1. ehemieal substances must be dissolved in aqueous 
solution to excite the reeeptors for smell and taste. 

2. The olfaetory (smell) reeeptors are loeated in the 
superior aspeet of eaeh nasal eavity. Sniffing helps 
to bring more air (eontaining odors) over the olfae- 
tory mucosa. 

3. Olfaetory pathways are elosely linked to the limbie 
system; odors stimulate the reeall of memories and 
arouse emotional responses. 

4. Gustatory (taste) eells are loeated in the taste buds, 
primarily on the tongue. The five major taste sen- 
sations are sweet, salt, sour, bitter, and umami. 

5. Taste and appreeiation of foods is influenced by 
the sense of smell and the temperatme and texture 
of foods. 

PARTIV: DEI/ELOP/I/IENTAL ASPEETS 

OFTHE SPEdAL SENSES ( PP . 302-304) 

1. Speeial sense organs are formed early in embry- 
onie development. Maternal infeetions during the 
first five or six weeks of pregnaney may cause 
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visual abnormalities as well as sensorineural deaf- 
ness in the developing ehild. An important 
eongenital eye problem is strabisrmas. The most 
important eongenital ear problem is laek of the 
external acoustic meatus. 

2. Vision requires the most learning. The infant has 
poor visual acuity (is farsighted) and laeks eolor vi- 
sion and depth pereeption at birth. The eye eontin- 
ues to grow and mature until the eighth or ninth 
year of life. 

3. Problems of aging assoeiated with vision include 
presbyopia, glaucoma, eataraets, and arterioselero- 
sis of the eye’s blood vessels. 

4. The newborn infant ean hear sounds, but initial re- 
sponses are reflexive. By the toddler stage, the 
ehild is listening eritieally and beginning to imitate 
sounds as language development begins. 

3. Sensorineural deafness (presbycusis) is a normal 
consequence of aging. 

6. Taste and smell are most acute at birth and de- 
erease in sensitivity after the age of 40 as the num- 
ber of olfaetory and gustatory reeeptors deereases. 

Review Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. Gustatory eells are 

a. bipolar neurons. 

b. rmiltipolar neurons. 
e. unipolar neurons. 

d. epithelial eells. 

2. Alkaloids excite gustatory hairs mostly at the 

a. tip of the tongue. 

b. baek of the tongue. 

e. circumvallate papillae. 
d. fungiform papillae. 

3. Cranial nerves that are part of the gustatory path- 
way include 

a. trigeminal. e. hypoglossal. 

b. faeial. d. glossopharyngeal. 

4. Which eranial nerve eontrols eontraetion of the eir- 
cular smooth muscle of the iris? 

a. Trigeminal e. Oculomotor 

b. Faeial d. Abducens 


3. The eornea is nourished by 

a. eorneal blood vessels. e. vitreous humor. 

b. aqueous humor. d. seleral blood vessels. 

6. In focusing for far vision 

a. the lens is at its thinnest. 

b. the eiliary muscles eontraet. 

e. the light rays are nearly parallel. 

d. suspensory fibers of the eiliary zonule are slaek. 

7. Convergence 

a. requires eontraetion of the medial rectus mus- 
eles of both eyes. 

b. is needed for near vision. 

e. involves transmission of impulses along the 
abducens nerves. 

d. ean promote eyestrain. 

8. Which of the following are paired ineorreetlyl 

a. Cochlear duct—cupula 

b. Vestibule—macula 

e. Ampulla—otoliths 

d. Semicircular duct—ampulla 

9. Movement of the_membrane triggers 

bending of hairs of the hair eells in the spiral organ 
of Corti. 

a. tympanie e. basilar 

b. teetorial d. vestibular 

10. Sounds entering the external acoustic meatus are 
eventually eonverted to nerve impulses via a ehain 
of events including 

a. vibration of the eardmm. 

b. vibratory motion of the ossieles against the oval 
window. 

e. stimulation of hair eells in the spiral organ of Corti. 
d. resonanee of the cupula. 

Short Answer Essay 

11. Name three aeeessory eye structures that help to lu- 
brieate the eyeball, and name the seeretion of eaeh. 

12. Why do you often have to blow your nose after 
erying? 

13- Diagram and label the internal structures of the 
eye, and give the major function of eaeh structure. 

14. Name the extrinsic eye muscles that allow you to 
direet your eyes. 

15. Loeate and deseribe the functions of the two hu- 
mors of the eye. 
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16. What is the blind spot, and why is it ealled this? 

17. What name is given to the structure that eontrols 
light entry into the eye? 

18. What is the fovea eentralis, and why is it important? 

19- Traee the pathway of light from the time it hits the 
eornea until it excites the rods and eones. 

20. Traee the pathway of nerve impulses from the pho- 
toreeeptors in the retina to the visual cortex of the 
brain. 

21. Define hyperopia, myopia, and emmetropia. 

22. Why do most people develop presbyopia as they 
age? Which of the eonditions in question 21 does it 
most resemble? 

23. There are only three types of eones. How ean you 
explain the faet that we see many more eolors? 

24. Why are ophthalmoseopie examinations important? 

23. Many students stmggling through mountains of 
reading assignments are told that they need glasses 
for eyestrain. Why is it more of a strain on the ex- 
trinsie and intrinsie muscles to look at elose objeets 
than at far objeets? 

26. Name the structures of the outer, middle, and inner 
ears and give the general function of eaeh structure 
and eaeh group of structures. 

27. Sound waves hitting the eardmm set it into motion. 
Traee the pathway of vibrations from the eardmm 
to the spiral organ of Corti, where the hair eells are 
stinmlated. 

28. Give two causes of eondnetion deafness. 

29. Normal balanee depends on information transmit- 
ted from a number of sensory reeeptor types. Name 
at least three of these reeeptors. 

30. What name is given to the taste reeeptors? 

31. Name the five primary taste sensations. 

32. Where are the olfaetory reeeptors loeated, and why 
is that site poorly suited for their job? 

33. Deseribe the effeets or results of aging on the spe- 
eial sense organs. 

34. Which speeial sense requires the most learning? 

33. For eaeh of the following statements, indieate 
whether it applies to a macula or a erista am- 
pullaris: inside a semicircular eanal; eontains 
otoliths; responds to linear aeeeleration and deeel- 
eration; has a cupula; responds to rotational aeeel- 
eration and deeeleration; inside the vestibule. 


eritieal Thinking and 
[linieal Applieation 
Questions 

36. An engineering student has been working in a 
diseo to earn money to pay for his education. After 
about eight months, he notiees that he is having 
problems hearing high-pitehed tones. What is the 
cause-and-effect relationship here? 

37. Nine ehildren attending the same day-eare eenter 
developed red, inflamed eyes and eyelids. What is 
the most likely cause and name of this eondition? 

38. Dr. Nakvarati used an instmment to press on Mr. 
Cruz’s eye during his annual physieal examination 
on his sixtieth birthday. The eye deformed very lit- 
tle, indieating the intraocular pressure was too 
high. What was Mr. Cruz’s probable eondition? 

39. Lionel suffered a ruptured artery in his middle era- 
nial fossa, and a pool of blood eompressed his left 
optie traet, destroying its axons. What part of the 
visual field was blinded? 

40. Sylvia Marcus, age 70, reeently had surgery for oto- 
selerosis. The operation was a faihire and did not im- 
prove her eondition. What was the purpose of the 
snrgery, and exactly what was it trying to aeeomplish? 

41. Janie is referred to the eye elinie by her teaeher, 
who suspects a need for glasses. Examination 
demonstrates that Janie is myopie. Will she need 
eoneave or convex lenses? Explain. 

42. Julie and her father loved to find the eonstellations 
in the sky on starry nights. One evening, Julie eame 
mnning into the house and whispered excitedly to 
her mother. “Mom, I’ve got power! When I look 
hard at a star it disappears!” What was happening? 

43. While visiting at her father’s offiee on the 25th floor 
of the Harris Building, five-year-old Katie wandered 
away into the hall. Faseinated by the buttons in the 
elevator, she entered, pressed 1, and the high-speed 
elevator plummeted to the first floor. Later she told 
her father that she felt like she “kept on going” 
when the elevator stopped. Explain her sensation. 

44. Mrs. Miniver has an immune disorder that causes 
dry mouth, and she eomplains to her doetor that 
she’s lost her sense of taste. How might her symp- 
toms be explained? 

45. Four-year-old Gary Zammer is brought to the oph- 
thalmologist for a routine checkup on his vision. 
Gray is an albino. How do you think albinism af- 
feets vision? 












The Endoerine System 


FHNlTION prei/ieiá/ 

The endoerine system maintains homeostasis by releasing ehemieals ealled hormones, 
and it eontrols prolonged or continuous proeesses such as growth and development, 
reproduction, and metabolism. 


Von don't hai/e to mteh CSI to experience aetion- 

paeked drama. Your body eells have dynamie 
adventures on mieroseopie levels all the time. For 
instanee, when insulin molecules, earried passively 
along in the blood, leave the blood and bind tightly 
to protein reeeptors of nearby eells, the response is 
dramatie: bloodborne glucose molecules begin to 
disappear into the eells, and cellular aetivity aeeel- 
erates. Such is the power of the seeond great eon- 
trolling system of the body, the endoerine system. 
Along with the nervous system, it eoordinates and 
direets the aetivity of the body’s eells. 

The speed of eontrol in these two great regu- 
lating systems is very different. The nervous system 
is “built for speed.” It uses nerve impulses to prod 
the muscles and glands into immediate aetion so 


that rapid adjustments ean be made in response to 
ehanges occurring both inside and outside the body. 
By eontrast, the more slowly aeting endoerine sys- 
tem uses ehemieal messengers ealled hormones, 
which are released into the blood to be transported 
leisurely throughout the body. 

Although hormones have widespread effeets, 
the major proeesses they eontrol are reproduction; 
growth and development; mobilizing body defenses 
against stressors; maintaining eleetrolyte, water, and 
nutrient balanee of the blood; and regulating cellular 
metabolism and energy balanee. As you ean see, 
the endoerine system regulates proeesses that go 
on for relatively long periods and, in some eases, 
continuously. The seientifie study of hormones and 
endoerine organs is ealled endoerinology. 
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The Endoerine System 
and Hormone Function— 
An Overview 

,z Define hormone and target organ. 

Deseribe how hormones bring about their effeets 
in the body. 

Compared to other organs of the body, the organs 
of the endoerine system are small and unimpres- 
sive. Indeed, to eolleet 1 kg (about 2.2 pounds) of 
hormone-producing tissue, you would need to eol- 
leet all the endoerine tissue from eight or nine 
adults! The endoerine system also laeks the stme- 
tural or anatomieal continuity typieal of most organ 
systems. Instead, bits and pieees of endoerine tis- 
sue are tucked away in widely separated regions of 
the body (see Figure 9.3, p. 312). However, func- 
tionally the endoerine organs are impressive, and 
when their role in maintaining body homeostasis is 
eonsidered, they are tme giants. 

The ehemistry of Hormones 

The key to the ineredible power of the endoerine 
glands is the hormones they produce and seerete. 
Hormones may be defined as ehemieal sub- 
stanees that are seereted by endoerine eells into 
the extracellular flmds and regulate the metabolie 
aetivity of other eells in the body. Although many 
different hormones are produced, nearly all of 
them ean be elassified ehemieally as either amino 
aeid—based molecules (including proteins, pep- 
tides, and amines) or steroids. Steroid hormones 
(made from eholesterol) include the sex hormones 
made by the gonads (ovaries and testes) and the 
hormones produced by the adrenal cortex. All 
others are nonsteroidal amino aeid derivatives. If 
we also eonsider the loeal hormones ealled 
prostaglandins (pros"tah-glan 'dinz), deseribed 
later in the ehapter (see Table 9.2, p. 331), we 
must add a third ehemieal elass, because the 
prostaglandins are made from highly aetive lipids 
released from nearly all eell membranes. 

Hormone Aetion 

Although the bloodborne hormones circulate to all 
the organs of the body, a given hormone affeets 
only eertain tissue eells or organs, referred to as its 

target eells or target organs. For a target eell to 


respond to a hormone, speeifie protein reeeptors 
to which that hormone ean attaeh must be present 
on the eell’s plasma membrane or in its interior. 
Only when this binding occurs ean the hormone 
influence the workings of a eell. 

The term hormone eomes from a Greek word 
meaning u to arouse.” In faet, the body’s hormones 
do just that. They “arouse,” or bring about their 
effeets on the body’s eells primarily by altering 
cellular aetivity—that is, by inereasing or deereas- 
ing the rate of a normal, or usual, metabolie 
proeess rather than by stimulating performanee of 
a new one. The preeise ehanges that follow hor- 
mone binding depend on the speeifie hormone 
and the target eell type, but typieally one or more 
of the following occurs: 

1. ehanges in plasma membrane permeability or 
eleetrieal state 

2. Synthesis of proteins or eertain regulatory mol- 
ecules (such as enzymes) in the eell 

3. Aetivation or inaetivation of enzymes 

4. Stimulation of mitosis 

5. Promotion of seeretory aetivity 

Direet Gene Aetivation 

Despite the huge variety of hormones, there are 
really only two meehanisms by which hormones 
trigger ehanges in eells. Steroidal hormones (and, 
strangely, thyroid hormone) use the meehanism of 
direet gene aetivation shown in Figure 9.1a. Being 
lipid-soluble molecules, the steroid hormones ean 
© diffuse through the plasma membranes of their 
target eells. Onee inside, the steroid hormone (g) 
enters the nucleus and (§) binds to a speeifie hor- 
mone reeeptor there. The hormone-reeeptor eom- 
plex then binds to speeifie sites on the eell’s 
DNA, ® aetivating eertain genes to transeribe 
messenger RNA (mRNA). The mRNA then (§) is 
translated in the eytoplasm, resulting in the syn- 
thesis of new proteins. 

Seeond-Messenger System 

Water-soluble, nonsteroidal hormones—protein and 
peptide hormones—are unable to enter the target 
eells. Instead they bind to hormone reeeptors situ- 
ated on the target eelFs plasma membrane and 
utilize a seeond-messenger system. In these 
eases (Figure 9.1b (T)), the hormone (first messen- 
ger) binds to the membrane reeeptor and @ the 
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What determines vvhether a hormone will influence a given body eell? 
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Effeet on cellularfunction, 
such as glyeogen 
breakdown 


(a) Steroid hormone aetion 


(b) Nonsteroid hormone aetion 


Figiire 9.1 Meehanisms of hormone aetion. (a) Direet gene aetivation: 
the steroid hormone meehanism. (b) A seeond-messenger system: the nonsteroid 
(amino aeid-based) hormone meehanism. 


aetivated reeeptor sets off a series of reaetions (a 
easeade) that aetivates an enzyme. In turn, (5) the 
enzyme eatalyzes reaetions that produce seeond- 
messenger molecules (in this ease, eyelie AMP, 
also known as eAMP or eyelie adenine monophos- 
phate) that (3) oversee additional intracellular 
ehanges that promote the typieal response of the 
target eell to the hormone. As you might guess, 
there is a variety of possible seeond messengers 
(including eyelie guanosine monophosphate 
(eGMP) and calcium ions) and many possible tar- 
get eell responses to the same hormone, depend- 
ing on the tissue type stimulated. 


DID YOU GET IT 



1. VValking barefoot, you step on a pieee of broken glass 
and immediately pull your foot baek. VVhy is it 
important that the signal triggering this motion eome 
from the nervous system and not from the endoerine 
system? 


2. VVhat is a hormone ? VVhat does target organ mean? 

3. VVhy is eAMP ealled a seeond messenger? 

For answers, see Appendix D. 

Control of Hormone Release 

Explain how various endoerine glands are stimulated 
to release their hormonal products. 

Define negative feedbaek, and deseribe its role in 
regulating blood levels of the various hormones. 

Now that we’ve discussed how hormones work, 
the next question is, a What prompts the endoerine 
glands to release or not release their hormones?” 
Let’s take a look. 

Negative feedbaek meehanisms are the 

ehief means of regulating blood levels of nearly all 
hormones (see ehapter 1, p. 13). In such systems, 
some internal or external stimulus triggers hor- 
mone seeretion; then rising hormone levels inhibit 
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(a) Hormonal stimulus 
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hormones that... 
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(3)...stimulate other endoerine 
glands to seerete hormones 


(b) Humoral stimulus 


(e) Neural stimulus 
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(2). . .to seerete eateeholamines 
(epinephrine and norepinephrine) 


Figure 9.2 Endoerine gland stimuli. 


further hormone release (even while promoting 
responses in their target organs). As a result, blood 
levels of many hormones vary only within a very 
narrow range. 

Endoerine Gland Stimuli 

The stimuli that aetivate the endoerine organs fall 
into three major eategories—hormonal, humoral, 
and neural (Figure 9.2). These three meehanisms 
typify most systems that eontrol hormone release, 
but they by no means explain all of them, and 
some endoerine organs respond to many differ- 
ent stimuli. 

Hormonal stimilli The most eommon stimulus is 

a hormonal stimulus, in which endoerine organs 
are prodded into aetion by other hormones. For 
example, hypothalamie hormones stimulate the 
anterior pituitary gland to seerete its hormones, 
and many anterior pituitary hormones stimulate 
other endoerine organs to release their hormones 


into the blood (Figure 9.2a). As the hormones 
produced by the final target glands inerease in 
the blood, they “feed baek” to inhibit the release 
of anterior pituitary hormones and thus their 
own release. Hormone release promoted by this 
meehanism tends to be rhythmie, with hormone 
blood levels rising and falling again and again. 

Hlimoral stimilli ehanging blood levels of eertain 
ions and nutrients may also stimulate hormone 
release. Such stimuli are referred to as humoral 
(hyoo-mor'al) stimuli to distinguish them from 
hormonal stimuli, which are also bloodborne 
ehemieals. The term humoral refers to the aneient 
use of the word humor to indieate the various 
body fluids (blood, bile, and others). For example, 
deereasing blood calcium levels prompt the release 
of parathyroid hormone (PTH) by eells of the 
parathyroid glands. Because PTH aets by several 

O —l— 

routes to reverse that deeline, blood Ca levels 
soon rise, ending the stimulus for PTH release 
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Figure 9.3 Loeation of the major endoerine 
organs of the body. (The parathyroid glands, which 
appear to be on the anterior surface of the thyroid gland 
in this illustration, are actually loeated on its posterior 
aspeet in most eases.) 


(Figure 9.2b). Other hormones released in 
response to humoral stimuli include ealeitonin, 
released by the thyroid gland, and insulin, pro- 
duced by the panereas. 

Neural Stimilli In isolated eases, nerve fibers stim- 
ulate hormone release, and the target eells are said 
to respond to nenral stimnli. The elassie example 
is sympathetie nervous system stimulation of the 
adrenal medulla to release norepinephrine and 
epinephrine during periods of stress (Figure 9.2c). 


The Major Endoerine 
Organs 

Deseribe the differenee between endoerine and 
exocrine glands. 

On an appropriate diagram, identify the major 
endoerine glands and tissues. 

List hormones produced by the endoerine glands, and 
discuss their general functions. 

Discuss ways in which hormones promote body 
homeostasis by giving examples of hormonal aetions. 

v^ Deseribe major pathologieal consequences of 
hyperseeretion and hyposeeretion of the hormones 
eonsidered in this ehapter. 

The major endoerine organs of the body include 
the pituitary, thyroid, parathyroid, adrenal, and 
pineal glands, and the thymus, the panereas, and 
the gonads ( ovaries and testes) (Figure 9.3). The 
hypothalaimis, which is part of the nervous sys- 
tem, is also reeognized as a major endoerine organ 
because it produces several hormones. The func- 
tion of some hormone-producing glands (the ante- 
rior pituitary, thyroid, adrenals, and parathyroids) 
is purely endoerine, but the function of others 
(panereas and gonads) is mixed—both endoerine 
and exocrine. Both types of glands are formed 
from epithelial tissue, but the endoerine glands are 
ductless glands that produce hormones that they 
release into the blood or lymph. (As you might 
expect, the endoerine glands have a rieh blood 
supply.) Conversely, the exocrine glands release 
their products at the body’s surface or into body 
eavities through ducts. We have already discussed 
the formation of and differenees and similarities 
between these two types of glands in ehapter 3. 
Here we will focus on the endoerine glands. Note 
that a summary of the endoerine organs and their 
hormones’ main aetions and regulatory faetors 

appears in Table 9.1 (pp. 328-329). 


DID YOU GET IT 



5. VVhat are two important differenees between 
endoerine and exocrine glands? 

For the answer, see Appendix D. 


DID YOU GET IT 



4. VVhat are three ways in which endoerine glands are 
stimulated to seerete their hormones? 

For the answer, see Appendix D. 


Pituitary Gland 

The pituitary (pi-tu'i-tàr"e) gland is approxi- 
mately the size of a pea. It hangs by a stalk from 
the inferior surface of the hypothalamus of the 
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What effeet would elevated levels of thyroid hormone in the blood have on 
• TSH seeretion? 


Releasing hormones 
seereted into portal 
circulation 


Anterior pituitary 


Posterior pituitary 
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Bones and muscles 



Prolaetin (PRL) Follicle-stimulating 
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Figiire 9.4 Hormones of the anterior pituitary and their major target organs. 

Seeretion of anterior pituitary hormones is stimulated by releasing hormones seereted by 
hypothalamie neurons. The releasing hormones are seereted into a eapillary network that 
eonneets via portal veins to a seeond eapillary bed in the anterior lobe of the pituitary gland. 


brain, where it is snugly surrounded by the “Turk’s 
saddle” of the sphenoid bone. It has two func- 
tional lobes—the anterior pituitaiy (glandular tis- 
sue) and the posterior pituitaiy (nervous tissue). 

Hormones of the Anterior Pituitary 

As shown in Figure 9.4, there are several anterior 
pituitary hormones that affeet many body organs. 
Two of the six anterior pituitary hormones indi- 
eated—growth hormone and prolaetin—exert 
their major effeets on nonendoerine targets. The 
remaining four—thyrotropie hormone, adrenoeor- 
tieotropie hormone, and the two gonadotropie 
hormones—are all tropie (tro'pik = turn on) hor- 
mones. Tropie hormones stimulate their target 


■ ÁJBjjnijd jouq;ub Áq uoi}qjoqs HSl l!QW P/no/v\ n 


organs, which are also endoerine glands, to 
seerete their hormones, which in turn exert their 
effeets on other body organs and tissues. All ante- 
rior pituitary hormones (1) are proteins (or pep- 
tides), (2) aet through seeond-messenger systems, 
and (3) are regulated by hormonal stimuli and, in 
most eases, negative feedbaek. 

Growth hormone (GH) is a general meta- 
bolie hormone. However, its major effeets are 
direeted to the growth of skeletal muscles and 
long bones of the body, and thus it plays an 
important role in determining final body size. 
GH is a protein-sparing and anabolie hormone 
that causes amino aeids to be built into proteins 
and stimulates most target eells to grow in size 
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Figure 9.5 Disorders of pituitary growth 
hormone. An individual exhibiting gigantism (eenter) 
is flanked by a pituitary dwarf (left) and a woman of 
normal height (right). 


and divide. At the same time, it causes fats to 
be broken down and used for energy while it 
spares glucose, helping to maintain blood sugar 
homeostasis. 

HOMEOSTATIC IMBALANOE 

If untreated, both defieits and excesses 
of GH may result in structural abnormalities. 
Hyposeeretion of GH during ehildhood leads to 
pituitary dwarfism (Figure 9.5). Body propor- 
tions are fairly normal, but the person as a whole is 
a living miniature (with a maximum adult height of 
4 feet). Hyperseeretion during ehildhood results in 
gigantism. The individual beeomes extremely tall; 
8 to 9 feet is eommon. Again, body proportions are 
fairly normal. If hyperseeretion occurs after long- 
bone growth has ended, aeromegaly (ak"ro- 
meg'ah-le) results. The faeial bones, particularly 



the lower jaw and the bony ridges underlying the 
eyebrows, enlarge tremendously, as do the feet 
and hands. Thiekening of soft tissues leads to 
eoarse or malformed faeial features. Most eases of 
hyperseeretion by endoerine organs (the pituitary 
and the other endoerine organs) result from 
tumors of the affeeted gland. The tumor eells 
aet in much the same way as the normal glandular 
eells do; that is, they produce the hormones 
normally made by that gland. Read about the 
use of pharmaeologieal doses of GH to reverse 
some of the effeets of aging in “A Closer Look” on 

p. 316. | 

Prolaetin (PRL) is a protein hormone stme- 
turally similar to growth hormone. Its only known 
target in humans is the breast (pro = for; laet = 
milk). After ehildbirth, it stimulates and maintains 
milk production by the mother’s breasts. Its func- 
tion in men is not known. 

Adrenoeortieotropie (ad-re"no-kor"tí-ko- 

tro'pik) hormone (ACTH) regulates the en- 
doerine aetivity of the cortex portion of the 
adrenal gland. Thyroid-stimulating hormone 
(TSH), also ealled thyrotropie hormone (TH), 
influences the growth and aetivity of the thyroid 
gland. 

The gonadotropie (gon"à-do-trop'ik) hor- 
mones regulate the hormonal aetivity of the 
gonads (ovaries and testes). In women, the go- 
nadotropin follicle-stimulating hormone (FSH) 
stimulates folliele development in the ovaries. As 
the follieles mature, they produce estrogen, and 
eggs are readied for ovulation. In men, FSH stimu- 
lates sperm development by the testes. Luteinizing 
(lu'te-in-íz"ing) hormone (LH) triggers ovulation 
of an egg from the ovary and causes the ruptured 
folliele to produce progesterone and some estro- 
gen. In men, LH stimulates testosterone produc- 
tion by the interstitial eells of the testes. 

HOMEOSTATie IMBALANOE 

Hyposeeretion of FSH or LH leads to 
sterility in both males and females. In general, 
hyperseeretion does not appear to cause any 
problems. However, some dmgs used to promote 
fertility stimulate the release of the gonadotropie 
hormones, and multiple births (indieating multiple 
ovulations at the same time rather than the usual 
single ovulation eaeh month) are fairly eommon 
after their use. I 
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DfD YOU GET IT 



6 . What are tropie hormones? 

For the answer, see Appendix D. 


Pituitary-Hypothalamus Relationship 

Deseribe the fmetional relationship between the 

hypothalamus and the pituitary gland. 

Despite its insignifieant size, the anterior pituitary 
gland eontrols the aetivity of so many other 
endoerine glands that it has often been ealled the 
“master endoerine gland.” Its removal or destmetion 
has a dramatie effeet on the body. The adrenal and 
thyroid glands and the gonads atrophy, and results 
of hyposeeretion by those glands quickly beeome 
obvious. However, the anterior pituitary is not as all- 
powerful in its eontrol as it might appear because 
the release of eaeh of its hormones is eontrolled by 
releasing and inhibiting hormones produced by 
the hypothalamus. The hypothalamus liberates 
these regulatory hormones into the blood of the 
portal circulation, which eonneets the blood supply 
of the hypothalamus with that of the anterior pitu- 
itary. (In a portal eirenlation, two eapillary beds are 
eonneeted by vein(s); in this ease, the eapillaries of 
the hypothalamus are drained by veins that empty 
into the eapillaries of the anterior pituitaiy.) 

The hypothalamus also makes two additional 
hormones, oxytocin and antidmretie hormone, 
which are transported along the axons of the 
hypothalamie neurosecretory eells to the poste- 
rior pituitary for storage (Figure 9-6). They are 
later released into the blood in response to nerve 
impulses from the hypothalamus. 

Hormones of the Posterior Pituitary 

The posterior pituitary is not an endoerine gland 
in the striet sense because it does not make the 
peptide hormones it releases. Instead, as men- 
tioned above, it simply aets as a storage area for 
hormones made by hypothalamie neurons. 

Oxytocin (ok"se-to'sin) is released in signifi- 
eant amounts only during ehildbirth and in nurs- 
ing women. It stimulates powerful eontraetions 
of the uterine muscle during labor, during sexual 
relations, and during breastfeeding. It also 
causes milk ejeetion (the let-down reflex ) in a 
nursing woman. Both natural and synthetie oxy- 
toeie drugs (Pitoein and others) are used to 
induce labor or to hasten labor that is progressing 
normally but at a slow paee. Less often, oxytocics 
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Figure 9.6 Hormones released by the posterior 
lobe of the pituitary and their target organs. 

Neurosecretory eells in the hypothalamus synthesize 
oxytocin and antidiuretic hormone (ADH) and transport 
them down their axons to the posterior pituitary. There, 
the hormones are stored until nerve impulses from the 
hypothalamus trigger their release. 


are used to stop postpartum bleeding (by caus- 
ing eonstrietion of the ruptured blood vessels at 
the plaeental site) and to stimulate the milk ejee- 
tion reflex. 

The seeond hormone released by the posterior 
pituitary is antidiuretic (an"ti-di"u-ret'ik) hormone 
(ADH). Dinresis is urine production. Thus, an 
antidmretie is a ehemieal that inhibits or prevents 
urine production. ADH causes the kidneys to reab- 
sorb more water from the forming urine; as a result, 
urine volume deereases and blood volume 
inereases. In larger amounts, ADH also inereases 
blood pressure by causing eonstrietion of the 
arterioles (small arteries). For this reason, it is some- 
times referred to as vasopressin (vas"o-pres'in). 














Grovvth hormone (GH) has been 
used for pharmaceutical purposes 
(that is, as a drug) sinee its 
diseovery in the 1950s. Originally 
obtained from the pituitary glands of 
eadavers, it is novv biosynthesized 
and administered by injeetion. 

GH is administered legally to 
ehildren vvho do not produce it 
naturally to allovv these ehildren 
to grovv to near-normal heights. 
Unfortunately, some physieians 
succumb to parental pressures to 
preseribe GH to ehildren vvho do 
produce it but are extremely short. 

When GH is administered to 
adults vvith a grovvth-hormone 
defieieney, body fat deereases and 
lean body mass, bone density, 
and muscle mass inerease. It 
also appears to inerease the 
performanee and muscle mass 
of the heart, deereases blood 
eholesterol, boosts the immune 
system, and perhaps improves a 
person’s psyehologieal outlook. 
Such effeets (particularly those 
involving inereased muscle mass 
and deereased body fat) have led 
to abuse of GH by bodybuilders 
and athletes, vvhieh is one reason 
vvhy this substance remains 
restrieted. 

Because GH may also reverse 
some effeets of aging, anti-aging 
elinies using GH injeetions to delay 
aging have sprnng up. Many 
people naturally stop producing GH 
after age 60, and this may explain 
vvhy their ratio of lean-to-fat mass 
deelines and their skin thins. GH 


already is the drug treatment of 
ehoiee for many aging Hollyvvood 
stars vvho dread the loss of their 
youth and vitality. Administration of 
GH to older patients reverses these 
deelines. Hovvever, elinieal studies 
reveal that the administered GH 
does not inerease strength or 
exercise toleranee in older patients, 
and a careful study of very siek 
patients in intensive eare units 
(vvhere GH is routinely given to 
restore nitrogen balanee) found 
that high doses of GH are 
assoeiated vvith inereased 
mortality. For these reasons, 
earlier media elaims that GH is 
a “youth potion” have proven to 
be dangerously misleading. 

GH may help AIDS patients. 
Because of improved antibioties, 
fevver AIDS patients are dying from 
opportunistic infeetions. The other 
side of this picture is that more 
die from the vveight loss ealled 
“vvasting.” injeetions of GH ean 


actually reverse vvasting during 
AIDS, leading to a gain of lean 
muscle and vveight gain. In 1996, the 
U.S. Food and Drug Administration 
approved the use of GH to treat 
such vvasting. 

GH is not a vvonder drug, even in 
eases vvhere it is elearly benefieial. 
GH treatment is expensive and 
has undesirable side effeets. It ean 
lead to fluid retention and edema, 
joint and muscle pain, high blood 
sugar, glucose intoleranee, and 
gyneeomastia (breast enlargement 
in men). Hypertension, heart 
enlargement, diabetes, and eolon 
eaneer are other possible results of 
high doses of GH, and edema and 
headaehes aeeompany even the 
lovvest doses. 

Intensive researeh into the 
potential benefits of GH should keep 
this hormone in the public eye for 
years to eome. Let’s hope its 
unbridled use does not beeome a 
public health problem. 



Can growth hormone help older patients? 
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(a) Gross anatomy of the thyroid gland, anterior view 
Figure 9.7 The thyroid gland. 


(b) Photomierograph of thyroid gland 
follieles (125x) 


Drinking aleoholie beverages inhibits ADH 
seeretion and results in output of large amounts 
of urine. The dry mouth and intense thirst expe- 
rieneed a the morning after” refleet this dehydrat- 
ing effeet of aleohol. Certain drugs, elassed 
together as dinreties, antagonize the effeets of 
ADH, causing water to be flushed from the 
body. These drugs are used to manage the 
edema (water retention in tissues) typieal of eon- 
gestive heart failure. 

HOMEOSTATIC IMBALANCE 

Hyposeeretion of ADH leads to a eon- 
dition of excessive urine output ealled diabetes 
insipidus (di"ah-be'tez in-sip'i-dus). People with 
this problem are continually thirsty and drink huge 
amounts of water. ) 



DID YOU GET IT 



7. Both the anterior pituitary and the posterior pituitary 
release hormones, but the posterior pituitary is not an 
endoerine gland. What is it? 


8. Barry is excreting huge amounts of urine. He has an 
endoerine system problem, but it is not diabetes 
mellitus, vvhieh has a similar sign. What is his possible 
problem? 

For answers, see Appendix D. 


Thyroid Gland 

The thyroid gland is a hormone-producing gland 
that is familiar to most people primarily because 
many obese individuals blame their overweight 
eondition on their “glands” (meaning the thyroid). 
Actually, thyroid gland imbalanees that lead to 
excessive weight gain or loss are only present in a 
small number of people. 

The thyroid gland is loeated at the base of the 
throat, just inferior to the Adam’s apple, where it is 
easily palpated during a physieal examination. It is 
a fairly large gland eonsisting of two lobes joined 
by a eentral mass, or isthmus (Figure 9.7). The 
thyroid gland makes two hormones, one ealled 
thyroid hormone (deseribed below), the other 
ealled ealeitonin (produced by the parafollicular 
eells). Internally, the thyroid gland is eomposed of 
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Figure 9.8 Woman with an enlarged thyroid 
(goiter). 


hollow structures ealled follieles, which store a 
stieky eolloidal material (Figure 9.7b). Thyroid 
hormone is derived from this eolloid. 

Thyroid hormone, often referred to as the 
body’s major metabolie hormone, is actually two 
aetive iodine-eontaining hormones, thyroxine 
(thi-rok'sin), or T 4 , and triiodothyronine (tri"i"o- 
do-thi'ro-nèn), or T 3 . Thyroxine is the major 
hormone seereted by the thyroid follieles. Most tri- 
iodothyronine is formed at the target tissues by 
eonversion of thyroxine to triiodothyronine. These 
two hormones are very much alike. Eaeh is eon- 
stmeted from two tyrosine amino aeids linked 
together, but thyroxine has four bound iodine 
atoms, whereas triiodothyronine has three (thus, 
T 4 and T 3 , respeetively). 

Thyroid hormone eontrols the rate at which 
glucose is “burned,” or oxidized, and eonverted to 
body heat and ehemieal energy. Because all body 
eells depend on a continuous supply of ehemieal 
energy to power their aetivities, every eell in the 
body is a target. Thyroid hormone is also important 
for normal tissue growth and development, espe- 
eially in the reproductive and nervous systems. 


HOMEOSTATie IMBALANOE 

Without iodine, functional hormones 
eannot be made. The source of iodine is our diet, 
and foods riehest in iodine are seafoods. Years ago 
many who lived in the Midwest, in areas with 
iodine-defieient soil that were far from the 
seashore (and a supply of fresh seafood), devel- 
oped goiters (goy'terz). So, that region of the 
country eame to be known as the “goiter belt.” A 
goiter is an enlargement of the thyroid gland 
(Figure 9.8) that results when the diet is defieient 
in iodine. TSH “ealls” for thyroxine, and the thy- 
roid gland enlarges, but without iodine the thyroid 
makes only the peptide part of the molecule, 
which is nonfunctional and fails to provide nega- 
tive feedbaek to inhibit TSH release. Simple goiter 
is uncommon in the United States today because 
most of our salt is iodized, but it is still a problem 
in some other areas of the world. 

Hyposeeretion of thyroxine may indieate prob- 
lems other than iodine defieieney, such as laek of 
stimulation by TSH. If it occurs in early ehildhood, 
the result is eretinism (kre'tin-izm). Cretinism 
results in dwarfism in which adult body propor- 
tions remain ehildlike. Together the head and 
tmnk are about VA times the length of the legs 
rather than approximately the same length, as in 
normal adults. Untreated individuals with ere- 
tinism are mentally retarded. Their hair is seanty, 
and their skin is dry. If the hyposeeretion is dis- 
eovered early, hormone replaeement will prevent 
mental retardation and other signs and symptoms 
of the defieieney. Hypothyroidism occurring in 
adults results in myxedema (mik"se-de'mah), 
which is eharaeterized by both physieal and men- 
tal sluggishness (however, mental retardation does 
not occur). Other signs are puffiness of the faee, 
fatigue, poor muscle tone, low body temperature 
(the person is always eold), obesity, and dry skin. 
Oral thyroxine is preseribed to treat this eondition. 

Hyperthyroidism generally results from a 
tumor of the thyroid gland. Extreme overproduc- 
tion of thyroxine results in a high basal metabolie 
rate, intoleranee of heat, rapid heartbeat, weight 
loss, nervous and agitated behavior, and a general 
inability to relax. Graves’ disease is one form of 
hyperthyroidism. In addition to the symptoms of 
hyperthyroidism given earlier, the thyroid gland 
enlarges and the eyes may bulge, or protmde 
anteriorly (a eondition ealled exophthalmos 
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(ek"sof-tharmos) (Figure 9.9). Hyperthyroidism 
may be treated surgically by removal of part of the 
thyroid (and/or a tumor if present) or ehemieally 
with thyroid-bloeking dmgs or radioaetive iodine, 
which destroy some of the thyroid eells. ) 

The seeond important hormone product of the 
thyroid gland, ealeitonin, deereases blood eal- 
cium levels by causing calcium to be deposited in 
the bones. It aets antagonistieally to parathyroid 
hormone, the hormone produced by the parathy- 
roid glands. Whereas thyroxine is made and stored 
in follieles before it is released to the blood, ealei- 
tonin is made by the so-ealled parafollicular 
eells found in the eonneetive tissue between the 
follieles (Figure 9.7b). It is released direetly to the 
blood in response to inereasing levels of blood 
calcium. Few effeets of hypo- or hyperseeretion of 
ealeitonin are known, and ealeitonin production is 
meager or eeases entirely in adults. This may help 
to explain (at least in part) the progressive deealei- 
fieation of bones that aeeompanies aging. 


DID YOU GET IT 



9. Why is iodine important for proper thyroid gland 
fiinetion? 


For the answer, see Appendix D. 


Parathyroid Glands 

The parathyroid glands are tiny masses of glan- 
dular tissue most often found on the posterior sur- 
faee of the thyroid gland (see Figure 93). Typieally, 
there are two parathyroid glands on eaeh thyroid 
lobe; that is, a total of four parathyroids; but as 
many as eight have been reported, and some may 
be in other regions of the neek or even in the 
thorax. The parathyroids seerete parathyroid 
hormone (PTH), or parathormone (par"ah- 
thor'món), which is the most important regulator of 
calcium ion (Ca 2+ ) homeostasis of the blood. When 
blood calcium levels drop below a eertain level, the 
parathyroids release PTH, which stimulates bone 
destmetion eells (osteoelasts) to break down bone 
matrix and release calcium into the blood. Thus, 
PTH is a hyperealeemie hormone (that is, it aets to 
inerease blood levels of calcium), whereas ealei- 
tonin is a hypoealeemie hormone. The negative 
feedbaek interaetion between these two hormones 
as they eontrol blood calcium levels during youth is 
illustrated in Figure 9.10. Although the skeleton is 



Figure 9.9 The exophthalmos of Graves’ 

disease. 


the major PTH target, PTH also stimulates the kid- 
neys and intestine to absorb more calcium (from 
urinary filtrate and foodstuffs, respeetively). 

HOMEOSTATIC IMBALANCE 

If blood calcium levels fall too low, 
neurons beeome extremely irritable and overaetive. 
They deliver impulses to the muscles so rapidly 
that the muscles go into uncontrollable spasms 
(tetany), which may be fatal. Before surgeons 
knew the importanee of the tiny parathyroid 
glands on the baekside of the thyroid, they would 
remove a hyperthyroid patient’s thyroid gland 
entirely. Many times this resulted in death. Onee it 
was revealed that the parathyroids are functionally 
very different from the thyroid gland, surgeons 
began to leave at least some parathyroid-eontaining 
tissue (if at all possible) to take eare of blood 
calcium homeostasis. 

Severe hyperparathyroidism causes massive 
bone destmetion—an X-ray examination of the 
bones shows large punched-out holes in the bony 
matrix. The bones beeome very fragile, and spon- 
taneous fractures begin to occur. ) 



DID YOU GET IT r 

10. How are the thyroid and parathyroid glands linked 
anatomieally? 

11. What hormone inereases blood ealeiiim levels, and 
which endoerine gland produces this hormone? 

12. What hormone reduces blood calcium levels, and 
which endoerine gland produces this hormone? 

For answers, see Appendix D. 
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What effeet would removal of the parathyroid glands have on blood 
• calcium levels ? 
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Figure 9.10 Hormonal eontrols of ionie calcium levels in the blood. PTH and 

ealeitonin operate in negative feedbaek eontrol systems that influence eaeh other. 


Adrenal Glands 

As illustrated in Figure 93, the two bean-shaped 
adrenal glands curve over the top of the kidneys. 
Although the adrenal gland looks like a single 
organ, it is structurally and functionally two 
endoerine organs in one. Much like the pituitary 
gland, it has glandular (cortex) and neural tissue 
(medulla) parts. The eentral medulla region is 
enelosed by the adrenal cortex, which eontains 
three separate layers of eells (Figure 9-11). 

'Hld 10 sninLniis duiiSQdip-Quoq Qqi oi posodxo 
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Hormones of the Adrenal Cortex 

The adrenal cortex produces three major groups 
of steroid hormones, which are eolleetively ealled 
eortieosteroids (kor"ti-ko-ster'oidz)—mineralo- 
eortieoids, ghieoeortieoids, and sex hormones. 

The mineraloeortieoids, mainly aldoste- 
rone (al"dos-ter'òn), are produced by the out- 
ermost adrenal cortex eell layer. As their name 
suggests, the mineraloeortieoids are important in 
regulating the mineral (or salt) eontent of the 
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Figure 9-11 Mieroseopie structure of the adrenal gland. Diagram of the three 
regions of the adrenal cortex and part of the adrenal medulla (75x). 


blood, particularly the eoneentrations of sodium 
and potassium ions. Their target is the kidney 
tubules that seleetively reabsorb the minerals or 
allow them to be fhished out of the body in 
urine. When blood levels of aldosterone rise, the 
kidney tubule eells reelaim inereasing amounts of 
sodium ions and seerete more potassium ions 
into the urine. When sodium is reabsorbed, water 
follows. Thus, the mineraloeortieoids help regu- 
late both water and eleetrolyte balanee in body 
fluids. As shown in Figure 9.12, the release of 
aldosterone is stimulated by humoral faetors, 
such as fewer sodium ions or more potassium 
ions in the blood (and by ACTH to a lesser 
degree). Renin, an enzyme produced by the kid- 
neys when blood pressure drops, also causes the 
release of aldosterone by triggering a series of 
reaetions that form angiotensin II, a potent 
stimulator of aldosterone release. A hormone 
released by the heart, atrial natriuretic (na"tre- 
u-ret'ik) peptide (ANP), prevents aldosterone 
release, its goal being to reduce blood vohime 
and blood pressure. 

The middle eortieal layer mainly produces 

ghieoeortieoids, which include eortisone and 


eortisol. Glucocorticoids promote normal eell 
metabolism and help the body to resist long-term 
stressors, primarily by inereasing blood glucose 
levels. When blood levels of glucocorticoids are 
high, fats and even proteins are broken down by 
body eells and eonverted to ghieose, which is 
released to the blood. For this reason, ghieoeorti- 
eoids are said to be hyperglyeemie hormones. 
Glucocorticoids also seem to eontrol the more 
unpleasant effeets of inflammation by deereasing 
edema, and they reduce pain by inhibiting some 
pain-causing molecules ealled prostaglandins 
(see Table 9.2, p. 331). Because of their anti- 
inflammatory properties, glucocorticoids are often 
preseribed as dmgs to suppress inflammation for 
patients with rheumatoid arthritis. Glucocorticoids 
are released from the adrenal cortex in response 
to rising blood levels of ACTH. 

In both men and women, the adrenal cortex 
produces both male and female sex hormones 
throughout life in relatively small amounts. The 
bulk of the sex hormones produced by the 
innermost cortex layer are androgens (male sex 
hormones), but some estrogens (female sex hor- 
mones) are also formed. 
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Figure 9.12 Major meehanisms eontrolling 
aldosterone release from the adrenal cortex. 

Solid arrows indieate faetors that stimulate aldosterone 
release; dashed arrow indieates an inhibitory faetor. 


HOMEOSTATIC IMBALANCE 

A generalized hyposeeretion of all the 
adrenal cortex hormones leads to Addison’s dis- 
ease, eharaeterized by a peaaliar bronze tone of 
the skin. Because aldosterone levels are low, 
sodium and water are lost from the body, which 
leads to problems with eleetrolyte and water bal- 
anee. This, in turn, causes the muscles to beeome 



weak, and shoek is a possibility. Other signs and 
symptoms of Addison’s disease result from defi- 
eient levels of glucocorticoids, such as hypo- 
glyeemia, a lessened ability to eope with stress 
(burnout), and suppression of the immune system 
(and thereby inereased susceptibility to infeetion). 
A eomplete laek of ghieoeortieoids is ineompatible 
with life. 

Hyperseeretion problems may result from an 
ACTH-releasing tumor of the pituitary or from 
adrenal eortieal tumors. The resulting eondition 
depends on the eoitieal area involved. Hyperaetivity 
of the outermost eortieal area results in hyper- 
aldosteronism (hi"per-al"dos-ter'on-izm). Excessive 
water and sodium are retained, leading to high 
blood pressure and edema. Potassium is lost to 
such an extent that the aetivity of the heart and 
nervous system may be dismpted. When the tumor 
is in the middle eortieal area or the elient has been 
reeeiving pharmaeologieal doses (amounts higher 
than those released in the body) of glucocorticoids 
to counteract inflammatory disease, Cushing’s 
syndrome occurs. Excessive glucocorticoids result 
in a swollen “moon faee” and the appearanee of a 
“buffalo hump” of fat on the upper baek. Other 
eommon and undesirable effeets include high 
blood pressure, hyperglyeemia (steroid diabetes), 
weakening of the bones (as protein is withdrawn 
to be eonverted to glucose), and severe depression 
of the immune system. 

Hyperseeretion of the sex hormones leads to 
masculinization, regardless of sex. In adult 
males these effeets may be masked, but in females 
the results are often dramatie. A beard develops, 
and a masculine pattern of body hair distribution 
occurs, among other effeets. ) 


DID YOU GET IT r 

13. VVhat hormone stimulates the kidneys to reabsorb 
more sodium? 

14. VVhieh group of hormones produced by the adrenal 
cortex has some of the same effeets as the hormones 
of the ovaries and the testes? 

For answers, see Appendix D. 


Hormones of the Adrenal Medulla 

The adrenal medulla, like the posterior pituitary, 
develops from a knot of nervous tissue. When the 
medulla is stimulated by sympathetie nervous sys- 
tem neurons, its eells release two similar hormones, 
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Figure 9.13 Roles of the hypothalamus, adrenal medulla, and adrenal cortex 
in the stress response. (Note that ACTH is only a weak stimulator of mineraloeortieoid 
release under normal eonditions.) 


epinephrine (ep"T-nef'rin), also ealled adrenaline, 
and norepinephrine (noradrenaline), into the 
bloodstream. Collectively, these hormones are 
ealled eateeholamines (kat"é-kol-ah'menz). Be- 
cause some sympathetie neurons also release 
norepinephrine as a neurotransmitter, the adrenal 
medulla is often thought of as a “misplaeed sym- 
pathetie nervous system ganglion.” 

When you are (or feel) threatened physieally 
or emotionally, your sympathetie nervous system 
brings about the “fight-or-flight” response to help 
you eope with the stressful situation. One of the 
organs it stimulates is the adrenal medulla, which 
literally pumps its hormones into the bloodstream 
to enhanee and prolong the effeets of the neuro- 
transmitters of the sympathetie nervous system. 


Basieally, the eateeholamines inerease heart rate, 
blood pressure, and blood glucose levels and 
dilate the small passageways of the lungs. These 
events result in more oxygen and glucose in the 
blood and a faster circulation of blood to the body 
organs (most importantly, to the brain, muscles, 
and heart). Thus, the body is better able to deal 
with a short-term stressor, whether the job at hand 
is to fight, begin the inflammatory proeess, or alert 
you so you think more elearly (Figure 9.13). 

The eateeholamines of the adrenal medulla 
prepare the body to eope with a brief or short-term 
stressful situation and cause the so-ealled alarm 
stage of the stress response. Glucocorticoids, by 
eontrast, are produced by the adrenal cortex and 
are more important in helping the body to eope 
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with prolonged or continuing stressors, such as 
dealing with the death of a family member or hav- 
ing a major operation. Glucocorticoids operate pri- 
marily during the resistanee stage of the stress 
response. If they are successful in proteeting the 
body, the problem will eventually be resolved 
without lasting damage to the body. When the 
stress continues on and on, the adrenal cortex may 
simply “burn out,” which is usually fatal. The roles 
of ghieoeortieoids in the stress response are also 
shown in Figure 9.13. 

HOMEOSTATIC IMBALANOE 

Damage or destmetion of the adrenal 
medulla has no major effeets as long as the sym- 
pathetie nervous system neurons continue to 
function normally. However, hyperseeretion of 
eateeholamines leads to symptoms typieal of 
excessive sympathetie nervous system aetivity—a 
rapidly beating heart, high blood pressure, and a 
tendeney to perspire and be very irritable. 
Surgical removal of the eateeholamine-seereting 
eells eorreets this eondition. ) 

Panereatie Islets 

The panereas, loeated elose to the stomaeh in 
the abdominal eavity (see Figure 9.3), is a mixed 
gland. Probably the best-hidden endoerine 
glands in the body are the panereatie islets, 
also ealled the islets of Langerhans (lahng'er- 
hanz). These little masses of hormone-producing 
tissue are seattered among the enzyme-producing 
aeinar tissue of the panereas. The exocrine 
(enzyme-producing) part of the panereas, which 
aets as part of the digestive system, will be dis- 
cussed later. Here we will eonsider only the pan- 
ereatie islets. 

Although there are more than a million islets, 
separated by exocrine eells, eaeh of these tiny 
clumps of eells busily manufactures its hormones 
and works like an organ within an organ. Two 
important hormones produced by the islet eells 
are insulin and glucagon (gloo'kah-gon). The 
islets also produce small amounts of other hor- 
mones, but we will not discuss them here. 

Islet eells aet as fuel sensors, seereting insulin 
and glucagon appropriately during fed and fasting 
states. High levels of glucose in the blood stimu- 
late the release of insulin from the beta (ba'tah) 
eells (Figure 9.14) of the islets. Insulin aets on just 
about all body eells and inereases their ability to 


transport glucose aeross their plasma membranes. 
Onee inside the eells, glucose is oxidized for 
energy or eonverted to glyeogen or fat for storage. 
Insulin also speeds up these aetivities. Because 
insulin sweeps the glucose out of the blood, its 
effeet is said to be hypoglyeemie. As blood glucose 
levels fall, the stimulus for insulin release ends— 
another elassie ease of negative feedbaek eontrol. 
Many hormones have hyperglyeemie effeets 
(glucagon, glucocorticoids, and epinephrine, to 
name a few), but insulin is the only hormone that 
deereases blood glucose levels. Insulin is absolutely 
neeessary for the use of glucose by body eells. 
Without it, essentially no ghieose ean get into the 
eells to be used. 

HOMEOSTATIC IMBALANOE 

Without insulin, blood levels of glu- 
eose (which normally range from 80 to 120 
mg/100 ml of blood) rise to dramatieally high 
levels (for example, 600 mg/100 ml of blood). In 
such instanees, glucose begins to spill into the 
urine because the kidney tubule eells eannot 
reabsorb it fast enough. As ghieose flushes from 
the body, water follows, leading to dehydration. 
The elinieal name for this eondition is diabetes 
mellitus (me-li'tus), which literally means that 
something sweet (mel = honey) is passing 
through or siphoning (diahetes = Greek “siphon”) 
from the body. Because eells eannot use glucose, 
fats and even proteins are broken down and 
used to meet the energy requirements of the 
body. As a result, body weight begins to deeline. 
Loss of body proteins leads to a deereased ability 
to fight infeetions, so diabeties must be careful 
with their hygiene and in earing for even small 
cuts and bmises. When large amounts of fats 
(instead of sugars) are used for energy, the blood 
beeomes very aeidie (aeidosis [as"í-do'sis]) as 
ketones (intermediate products of fat break- 
down) appear in the blood. On the basis of 
cause, this eondition of aeidosis (as"i-do'sis) is 
referred to as ketosis. Unless eorreeted, eoma 
and death result. The three eardinal signs of 
diabetes mellitus are (1) polyuria (pol"e-u're- 
ah)—excessive urination to flush out the glucose 
and ketones; (2) polydipsia (pol"e-dip'se-ah)— 
excessive thirst resulting from water loss; and 
(3) polyphagia (pol"e-fa'je-ah)—hunger due to 
inability to use sugars and the loss of fat and pro- 
teins from the body. 
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Figiire 9,14 Panereatie tissue. (a) Loeation of panereas relative to the stomaeh 
and small intestine. (b) Photomierograph of panereas with exocrine and endoerine (islets) 
areas elearly visible (75x). (e) Diagrammatie view of a panereatie islet. Beta eells produce 
insulin; alpha eells produce glucagon. 


Those with mild eases of diabetes mellitus 
(most eases of type 2, or adult-onset, diabetes) 
produce insulin, but for some reason their insulin 
reeeptors are unable to respond to it, a situation 
ealled insulin resistanee. Type 2 diabeties are 
treated with speeial diets or oral hypoglyeemie 
medieations that prod the sluggish islets into 
aetion and inerease the sensitivity of the target tis- 
sues to insulin and of beta eells to the stimulating 
effeets of glucose. To regulate blood glucose lev- 
els in the more severe type 1 (juvenile, or brittle) 
diabetie, insulin is infused continuously by an 
insulin pump worn externally, or a regimen of 
carefully planned insulin injeetions is administered 
throughout the day. ) 

Glucagon aets as an antagonist of insulin; that 
is, it helps to regulate blood glucose levels but in a 
way opposite that of insulin (Figure 9-15). Its 
release by the alpha (al'fah) eells (see Figure 
9.l4c) of the islets is stimulated by low blood lev- 
els of glucose. Its aetion is basieally hyper- 
glyeemie. Its primary target organ is the liver, 
which it stimulates to break down stored glyeogen 
to glucose and to release the glucose into the 
blood. No important disorders resulting from 
hypo- or hyperseeretion of glucagon are known. 


DID YOU GET IT 



15. Mrs. Bellamy’s husband has suffered a heart attaek 
and is hospitalized. Would you expect her blood 
glucose levels to be elevated, normal, or lower than 
normal? Why? 

16. Insulin and glucagon are both panereatie hormones. 
Which stimulates cellular uptake of glucose? 

For answers, see Appendix D. 


Pineal Gland 

The pineal (pin'e-al) gland is a small, eone- 
shaped gland that hangs from the roof of the third 
ventriele of the brain (see Figure 93). The 
endoerine function of this tiny gland is still some- 
what of a mystery. Although many ehemieal sub- 
stanees have been identified in the pineal gland, 
only the hormone melatonin (mel"ah-to'nin) 
appears to be seereted in substantial amounts. The 
levels of melatonin rise and fall during the course 
of the day and night. Peak levels occur at night 
and make us drowsy; the lowest levels occur dur- 
ing daylight around noon. Melatonin is believed to 
be a “sleep trigger” that plays an important role in 
establishing the body’s day-night eyele. In some 
animals, melatonin also helps regulate mating 
behavior and rhythms. In humans, it is believed to 
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eoordinate the hormones of fertility and to inhibit 
the reproductive system (espeeially the ovaries of 
females) until adult body size has been reaehed. 


but it should be obvious that hyposeeretion of the 
ovarian hormones severely hampers the ability of a 
woman to eoneeive and bear ehildren. 


Thymus 

The thymus is loeated in the upper thorax, poste- 
rior to the sternum. Large in infants and ehildren, 
it deereases in size throughout adulthood. By old 
age, it is eomposed mostly of fibrous eonneetive 
tissue and fat. The thymus produces a hormone 
ealled thymosin (thi'mo-sin) and others that 
appear to be essential for normal development of 
a speeial group of white blood eells (T lympho- 
eytes, or T eells ) and the immune response. We 
deseribe the role of the thymus (and its hormones) 
in immunity in ehapter 12. 

Gonads 

The female and male gonads (see Figure 93) pro- 
duce sex eells (an exocrine function). This is in 
addition to producing sex hormones that are iden- 
tieal to those produced by adrenal cortex eells. 
The major differenees from the adrenal sex hor- 
mone production are the source and relative 
amounts of hormones produced. 

Hormones of the Ovaries 

The female gonads (go'nadz), or ovaries, are 
paired, almond-sized organs loeated in the pelvie 
eavity. Besides producing female sex eells (ova, or 
eggs), ovaries produce two groups of steroid hor- 
mones, estrogens and progesterone. 

Alone, the estrogens are responsible for the 
development of sex eharaeteristies in women (pri- 
marily growth and maturation of the reproductive 
organs) and the appearanee of seeondaiy sex ehar- 
aeteristies (hair in the pubic and axillary regions) at 
puberty. Aeting with progesterone, estrogens pro- 
mote breast development and eyelie ehanges in the 
uterine lining (the menstmal eyele). 

Progesterone (pro-jes'té-ròn), as already noted, 
aets with estrogen to bring about the menstmal 
eyele. During pregnaney, it quiets the muscles of the 
utems so that an implanted embryo will not be 
aborted and helps prepare breast tissue for laetation. 

Ovaries are stirmalated to release their estrogens 
and progesterone in a eyelie way by the anterior 
pituitary gonadotropie hormones. We give more 
detail on this feedbaek eyele and on the stmcture, 
function, and eontrols of the ovaries in ehapter 16, 


Hormones of the Testes 

The paired oval testes of the male are suspended 
in a sae, the serotnm, outside the pelvie eavity. In 
addition to male sex eells, or sperm, the testes also 
produce male sex hormones, or androgens, of 
which testosterone (tes-tos'té-ròn) is the most 
important. At puberty, testosterone promotes the 
growth and maturation of the reproductive system 
organs to prepare the young man for reproduc- 
tion. It also causes the male’s seeondary sex ehar- 
aeteristies (growth of faeial hair, development of 
heavy bones and muscles, and lowering of the 
voiee) to appear and stimulates the male sex drive. 

In adults, testosterone is neeessary for continu- 
ous production of sperm. In eases of hyposeeretion, 
the man beeomes sterile; such eases are usually 
treated by testosterone injeetions. The release of 
gonadal hormones is eontrolled by anterior pituitary 
gonadotropins, as deseribed earlier. Testosterone 
production is speeifieally stimulated by LH (luteiniz- 
ing hormone). ehapter 16, which deals with the 
reproductive system, eontains more information on 
the stmcture and exocrine function of the testes. 

Table 9.1 summarizes the major endoerine 
glands and some of their hormones. 


DID YOU GET IT r 

17. What hormone is ealled the sleep hormone, and 
vvhieh endoerine organ produces it? 

18. Hovv do thymosin and other thymus hormones help to 
proteet the body? 

19. Which gonadal hormone causes a young girl’s 
reproductive organs to mature at puberty— 
estrogen or progesterone? 

For answers, see Appendix D. 


Other Hormone-Producing 
Tissues and Organs 

,z indieate the endoerine role of the kidneys, the 
stomaeh and intestine, the heart, and the plaeenta. 

Besides the major endoerine organs, poekets of 
hormone-producing eells are found in fatty tissue 
and in the walls of the small intestine, stomaeh, 
kidneys, and heart—organs whose ehief functions 

(Continues on page 330) 
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Table 9.1 

Major Endoerine Glands and Some of Their Hormones 


Gland 

Hormone Chemical elass Major aetions 

Regulated by 


Pineal gland 



Melatonin 


Amine Involved in biologieal Light/dark eyeles 

rhythms (daily and 
seasonal) 


Hypothalamus 



Pituitary gland 

• Posterior lobe 
(releases 
hormones 
made by the 
hypothalamus) 



• Anterior lobe 



Thyroid gland 



Hormones released by the posterior pituitary; releasing and inhibiting 
hormones that regulate the anterior pituitary (see below) 


Oxytocin 

Peptide 

Stimulates eontraetion 
of uterus and the milk 
“let-down” reflex 

Nervous system 
(hypothalamus) 
in response to 
uterine stretehing 
and/or suckling 
of a baby 

Antidiuretic 
hormone (ADH) 

Peptide 

Promotes retention 
of water by kidneys 

Hypothalamus in 
response to 
water/salt 
imbalanee 

Growth 
hormone (GH) 

Protein 

Stimulates growth 
(espeeially of bones 
and muscles) and 
metabolism 

Hypothalamie 
releasing and 
inhibiting 
hormones 

Prolaetin (PRL) 

Protein 

Stimulates milk 
production 

Hypothalamie 

hormones 

Follicle-stimulating 
hormone (FSH) 

Protein 

Stimulates production 
of ova and sperm 

Hypothalamie 

hormones 

Luteinizing 
hormone (LH) 

Protein 

Stimulates ovaries 
and testes 

Hypothalamie 

hormones 

Thyroid-stimulating 
hormone (TSH) 

Protein 

Stimulates thyroid 
gland 

Thyroxine in blood; 

hypothalamie 

hormones 

Adrenoeortieotropie 
hormone (ACTH) 

Protein 

Stimulates adrenal 

cortex to seerete 
glucocorticoids 

Glucocorticoids; 

hypothalamie 

hormones 

Thyroxine (T 4 ) and 
triiodothyronine (T 3 ) 

Amine 

Stimulates 

metabolism 

TSH 

Oaleitonin 

Peptide 

Reduces blood 

calcium level 

Calcium level in 
blood 
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Table 9.1 

(continued) 



Gland 

Hormone 

Chemical elass Major aetions 

Regnlated by 


Parathyroid glands 
Thymus 



Parathyroid 
hormone (PTH) 

Thymosin 


Adrenal glands 


• Adrenal medulla 



Epinephrine and 
norepinephrine 


Peptide 


Peptide 


Amines 


• Adrenal cortex 



Glucocorticoids 


Mineraloeortieoids 


Steroids 


Steroids 


Raises blood Calcium level in 

calcium level blood 

“Programs” Not knovvn 

T lymphoeytes 


Raise blood glucose Nervous system 

level; inerease rate of (sympathetie 

metabolism; eonstriet division) 
eertain blood vessels 


inerease blood ACTH 

glucose 

Promote reabsorption Changes in blood 

of Na + and excretion volume or blood 

of K + in kidneys pressure; K + 

(potassium) or 
Na + levels in 
blood 


Panereas 


Gonads 
• Testes 


• Ovaries 


Androgens and 
estrogens (see 
entry under gonads) 



lnsulin 


Glucagon 



Androgens 



Estrogens 


Progesterone 


Protein 

Reduces blood 
glucose 

Glucose level in 
blood 

Protein 

Raises blood 
glucose 

Glucose level in 
blood 

Steroids 

Support sperm 
formation; 
development and 
maintenanee of 
male seeondary 
sex eharaeteristies 

FSH and LH 

Steroids 

Stimulate uterine 
lining grovvth; 
development and 
maintenanee of 
female seeondary 
sex eharaeteristies 

FSH and LH 

Steroids 

Promotes grovvth 
of uterine lining 

FSH and LH 
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have little to do with hormone production. 
Because we deseribe most of these hormones in 
later ehapters, their ehief eharaeteristies are only 
summarized in Table 9.2. We only eonsider the 
plaeental hormones further here. 

Plaeenta 

The plaeenta (plah-sen'tah) is a remarkable 
organ formed temporarily in the uterus of preg- 
nant women. In addition to its roles as the respira- 
tory, excretory, and nutrition-delivery systems for 
the fetus, it also produces several protein and 
steroid hormones that help to maintain the preg- 
naney and pave the way for delivery of the baby. 

During very early pregnaney, a hormone ealled 
human ehorionie (ko"re-on'ik) gonadotropin 
(hCG) is produced by the developing embryo and 
then by the fetal part of the plaeenta. Similar to LH 
(luteinizing hormone), hCG stimulates the ovaries to 
eontirme producing estrogen and progesterone so 
that the lining of the uterus is not sloughed off in 
menses. (The home pregnaney tests sold over the 
counter test for the presenee of hCG in the woman’s 
urine.) In the third month, the plaeenta assumes the 
job of producing estrogen and progesterone, and 
the ovaries beeome inaetive for the rest of the preg- 
naney. The high estrogen and progesterone blood 
levels maintain the lining of the uterus (thus, the 
pregnaney) and prepare the breasts for producing 
milk. Human plaeental laetogen (hPL) works 
eooperatively with estrogen and progesterone in 
preparing the breasts for laetation. Relaxin, another 
plaeental hormone, causes the mother’s pelvie liga- 
ments and the pubic symphysis to relax and 
beeome more flexible, which eases birth passage. 

Developmental Aspeets 
of the Endoerine System 

,2 Deseribe the effeet of aging on the endoerine system 
and body homeostasis. 

The embryonie development of the endoerine 
glands varies. The pituitary gland is derived from 
epithelium of the oral eavity and a neural tissue 
projeetion of the hypothalamus. The pineal gland 
is entirely neural tissue. Most strietly epithelial 
glands develop as little saelike outpocketings of 
the mucosa of the digestive traet. These are the 
thyroid, thymus, and panereas. Formation of the 


gonads and the adrenal and parathyroid glands is 
much more complex and is not eonsidered here. 

Barring outright malfunctions of the endoerine 
glands, most endoerine organs seem to operate 
smoothly until old age. In late middle age, the effi- 
eieney of the ovaries begins to deeline, causing 
menopause (eommonly ealled a the ehange of 
life”). During this period, a woman’s reproductive 
organs begin to atrophy, and the ability to bear ehil- 
dren ends. Problems assoeiated with estrogen defi- 
eieney begin to occur, such as arterioselerosis, 
osteoporosis, deereased skin elastieity, and ehanges 
in the operation of the sympathetie nervous system 
that result in “hot flashes.” In addition, fatigue, 
nervousness, and mood ehanges such as depres- 
sion are eommon. No such dramatie ehanges seem 
to happen in men. In faet, many men remain fertile 
throughout their life span, indieating that testos- 
terone is still being produced in adequate amounts. 

The effieieney of the endoerine system as a 
whole gradually deelines in old age. Striking 
ehanges in aging women are due to deereasing lev- 
els of female hormones, and there is no question 
that growth hormone output by the anterior pitu- 
itary deelines, which partially explains muscle atro- 
phy in old age. Elderly persons are less able to resist 
stress and infeetion. This deereased resistanee may 
result from overproduction or underproduction of 
the defensive hormones, because both “derail” the 
stress defense equilibrium and alter general body 
metabolism. Additionally, exposure to many pesti- 
eides, industrial ehemieals, dioxin, and other soil 
and water pollutants diminishes endoerine function, 
which may explain the higher eaneer rates among 
older adults in eertain areas of the countiy. Older 
people are often mildly hypothyroid. All older peo- 
ple have some deeline in insulin production, and 
type 2 diabetes is most eommon in this age group. 

DID YOU GET IT 

20 . Which two digestive system organs are important 
sources of hormones assoeiated with digestion? 

21 . What temporary organ produces the same hormones 
as the ovaries? 

22 . Failure of which endoerine organ(s) leads to 
menopause in women? 

23 . In the elderly, the deeline in levels of which hormone is 
assoeiated with muscle atrophy? With osteoporosis in 
women? 


For answers, see Appendix D. 
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Table 9.2 

Hormones Produced by Organs Other Than the Major Endoerine Organs 


Chemical 


Stimulus for 


Hormone 

eomposition 

Source 

seeretion 

Target organ/Effeets 

Prostaglandins 

Derived from 

Plasma 

Various (loeal 

Have many targets, but aet loeally at site 

(PGs); several 

fatty aeid 

membranes of 

irritation, 

of release. Examples of effeets include: 

groups indieated 
by letters A-l 
(PGA-PGI) 

molecules 

virtually all 
body eells 

hormones, ete.) 

inerease blood pressure by aeting as 
vasoeonstrietors; cause eonstrietion of 
respiratory passageways; stimulate 
muscle of the uterus, promoting 
menstmal pain and labor; enhanee blood 
elotting; promote inflammation and pain; 
inerease output of digestive seeretions 
by stomaeh; cause fever. 

Gastrin 

Peptide 

Stomaeh 

Food 

Stomaeh: stimulates glands to release 
hydroehlorie aeid (HCI). 

Intestinal gastrin 

Peptide 

Duodenum of 
small intestine 

Food, espeeially 
fats 

Stomaeh: stimulates gastrie glands and 
motility. 

Seeretin 

Peptide 

Duodenum 

Food 

Panereas: stimulates release of 
biearbonate-rieh juice. 

Liver: inereases release of bile. 

Stomaeh: reduces seeretions and motility. 

Cholecystokinin 

(CCK) 

Peptide 

Duodenum 

Food 

Panereas: stimulates release of 
enzyme-rieh juice. 

Gallbladder: stimulates expulsion of 
stored bile. 

Duodenal papilla: causes sphineter to 
relax, allowing bile and panereatie juice 
to enter duodenum. 

Erythropoietin 

Glyeoprotein 

Kidney 

Hypoxia 

Bone marrow: stimulates production 
of red blood eells. 

Aetive vitamin 

D 3 

Steroid 

Kidney (aetivates 
provitamin D made 
by epidermal eells) 

PTH 

Intestine: stimulates aetive transport of 
dietary calcium aeross intestinal eell 
membranes. 

Atrial natriuretic 
peptide (ANP) 

Peptide 

Heart 

Stretehing of 
atria of heart 

Kidney: inhibits sodium ion reabsorption 
and renin release. 

Adrenal cortex: inhibits seeretion of 
aldosterone, thereby deereasing blood 
volume and blood pressure. 

Leptin 

Peptide 

Adipose tissue 

Fatty foods 

Brain: suppresses appetite and inereases 
energy expenditure. 

Resistin 

Peptide 

Adipose tissue 

Unknown 

Fat, muscle, liver: antagonizes insulin’s 
aetion on liver eells. 







Homeostatie Relationships between the 
Endoerine System and Other Body Systems 


Lymphatie System/lmmunity 


Lymphoeytes “programmed” by 
thymie hormones seed the lymph 
nodes; glucocorticoids depress 
the immune response and 
inflammation 

Lymph provides a route for 
transport of hormones 


Digestive System 


Loeal gastrointestinal (Gl) 
hormones influence Gl function; 
aetivated vitamin D neeessary 


to absorb calcium from diet; 
eateeholamines influence 
digestive system aetivity 
Digestive system provides 
nutrients to endoerine organs 


Llrinary System 


Aldosterone and ADH influence renal 
function; erythropoietin released 
kidneys promotes red blood eell 
formation 

Kidneys aetivate vitamin D 
(eonsidered a hormone) 


Muscular System 


Growth hormone is essential for 
normal muscular development; 
other hormones (thyroxine and 
eateeholamines) influence muscle 
metabolism 

Muscular system meehanieally proteets 
some endoerine glands; muscular 
aetivity promotes eateeholamine release 



Nervous System 


Many hormones (growth hormone, 
thyroxine, sex hormones) influence 
normal maturation and function of 
the nervous system 
Hypothalamus eontrols anterior 
pituitary function and seeretes 
two hormones 


Respiratory System 


Epinephrine influences ventilation 
(dilates bronehioles) 

Respiratory system provides 
oxygen; disposes of earbon 
dioxide; eonverting enzyme in 
lungs eonverts angiotensin I to 
angiotensin II 


Cardiovascular System 


Several hormones influence blood 
volume, blood pressure, and heart 
eontraetility; erythropoietin 
stimulates red blood eell production 
Blood is the main transport medium 
of hormones; heart produces atrial 
natriuretic peptide 


Reproductive System 


Hypothalamie, anterior pituitary, 
and gonadal hormones direet 
reproductive system development 
and function; oxytocin and prolaetin 
involved in birth and breastfeeding 
Gonadal hormones feed baek to 
influence endoerine system function 


lntegumentary System 


Androgens aetivate sebaceous 
glands; estrogen inereases skin 
hydration 

Skin produces a precursor of vitamin 
D (eholeealeiferol or provitamin D) 


Skeletal System 


PTH is important in regulating 
calcium blood levels; growth 
hormone, T 3 , T 4 , and sex hormones 
are neeessary for normal skeletal 
development 

The skeleton proteets some 
endoerine organs, espeeially those 
in brain, ehest, and pelvis 






















































Chapter 9: The Endoerine System 



Summary 

Aeeess more review material and fun learning aetivities 
online — visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included below. 

iP = interaetive Physiology 

The Endoerine System and Hormone Function — 

An Overview (pp. 309-312) 

1. The endoerine system is a major eontrolling system 
of the body. Through hormones, it stimulates such 
long-term proeesses as growth and development, 
metabolism, reproduction, and body defense. 

2. Endoerine organs are small and widely separated 
in the body. Some are part of mixed glands (both 
endoerine and exocrine in function). Others are 
purely hormone producing. 

3. Nearly all hormones are amino aeid based or 
steroids. 

4. Endoerine organs are aetivated to release their hor- 
mones into the blood by hormonal, humoral, or 
neural stimuli. Negative feedbaek is important in 
regulating hormone levels in the blood. 

3. Bloodborne hormones alter the metabolie aetivities 
of their target organs. The ability of a target organ 
to respond to a hormone depends on the presenee 
of reeeptors in or on its eells to which the hor- 
mone binds or attaehes. 

6. Amino aeid-based hormones aet through seeond 
messengers. Steroid hormones direetly influence 
the target eell’s DNA. 

ÌP Endoerine System; Topie: Endoerine System 
Review, pp. 1-3. 

The Major Endoerine Organs (pp. 312-327) 

1. Pituitary gland 

a. The pituitary gland hangs from the hypothala- 
mus of the brain by a stalk and is enelosed by 
bone. It eonsists of a glandular (anterior) portion 
and a neural (posterior) portion. 

b. Except for growth hormone and prolaetin, 
hormones of the anterior pituitary are all tropie 
hormones. 

(1) Growth hormone (GH): An anabolie and 
protein-eonserving hormone that promotes 
total body growth. Its most important effeet 


is on skeletal muscles and bones. LJntreated 
hyposeeretion during ehildhood results in 
pituitary dwarfism; hyperseeretion produces 
gigantism (in ehildhood) and aeromegaly (in 
adulthood). 

(2) Prolaetin (PRL): Stimulates production of 
breast milk. 

(3) Adrenoeortieotropie hormone (ACTH): Stim- 
ulates the adrenal cortex to release its hor- 
mones. 

(4) Thyroid-stimulating hormone (TSH): Stim- 
ulates the thyroid gland to release thyroid 
hormone. 

(5) Gonadotropie hormones 

(a) Follicle-stimulating hormone (FSH): Be- 
ginning at puberty, stimulates folliele 
development and estrogen production 
by the female ovaries; promotes sperm 
production in the male. 

(b) Luteinizing hormone (LH): Beginning at 
puberty, stimulates ovulation, causes the 
ruptured ovarian folliele to produce 
progesterone; stirmilates the male’s testes 
to produce testosterone. 

e. Releasing and inhibiting hormones made by the 
hypothalamus regulate release of hormones 
made by the anterior pituitary. The hypothala- 
mus also makes two hormones that are trans- 
ported to the posterior pituitary for storage and 
later release. 

ÌP Endoerine System; Topie: Hypothalamic-Pituitary 
Axis, pp. 1-3. 

d. The posterior pituitary stores and releases hypo- 
thalamie hormones on eommand. 

(1) Oxytocin: Stimulates powerful uterine eon- 
traetions and causes milk ejeetion in the 
nursing woman. 

(2) Antidmretie hormone (ADH): Causes kidney 
tubule eells to reabsorb and eonserve body 
water and inereases blood pressure by eon- 
strieting blood vessels. Hyposeeretion leads 
to diabetes insipidus. 

2. Thyroid gland 

a. The thyroid gland is loeated in the anterior 
throat. 

b. Thyroid hormone (thyroxine [T 4 ] and triiodothy- 
ronine [T 3 ]) is released from the thyroid follieles 
when blood levels of TSH rise. Thyroid hor- 
mone is the body’s metabolie hormone. It 
inereases the rate at which eells oxidize glucose 
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and is neeessary for normal growth and devel- 
opment. Laek of iodine leads to goiter. 
Hyposeeretion of thyroxine resialts in eretinism in 
ehildren and myxedema in adults. Hyperseeretion 
results from Graves’ disease or other forms of 
hyperthyroidism. 

ÌP Endoerine System; Topie: The Hypothalamie- 
Pituitary Axis, p. 4. 

e. Calcitonin is released by parafollicular eells sur- 
rounding the thyroid follieles in response to high 
blood levels of calcium. It causes calcium to be 
deposited in bones. 

3. Parathyroid glands 

a. The parathyroid glands are four small glands 
loeated on the posterior aspeet of the thyroid 
gland. 

b. Low blood levels of calcium stimulate the 
parathyroid glands to release parathyroid hor- 
mone (PTH). It causes bone calcium to be liber- 
ated into the blood. Hyposeeretion of PTH 
results in tetany; hyperseeretion leads to extreme 
bone wasting and fractures. 

4. Adrenal glands 

a. The adrenal glands are paired glands perehed 
on the kidneys. Eaeh gland has two functional 
endoerine portions, the cortex and the 
medulla. 

b. Adrenal cortex hormones include: 

(1) Mineraloeortieoids, primarily aldosterone, 
regulate sodirim ion (Na + ) and potassium 
ion (K + ) reabsorption by the kidneys. Their 
release is stimulated primarily by low Na + 
and/or high K + levels in blood. 

(2) Glucocorticoids enable the body to resist 
long-term stress by inereasing blood ghieose 
levels and depressing the inflammatory 
response. 

(3) Sex hormones (mainly androgens) are pro- 
duced in small amounts throughout life. 

e. Generalized hypoaetivity of the adrenal cortex 
results in Addison’s disease. Hyperseeretion ean 
result in hyperaldosteronism, Cushing’s disease, 
and/or masculinization. 

d. The adrenal medulla produces eateeholamines 
(epinephrine and norepinephrine) in response 
to sympathetie nervous system stirmilation. Its 
eateeholamines enhanee and prolong the 
effeets of the “fight-or-flight” (sympathetie 
nervous system) response to short-term stress. 
Hyperseeretion leads to symptoms typieal of 
sympathetie nervous system overaetivity. 


ÌP Endoerine System; Topie: Response to Stress, 

pp. 1-2. 

3. Panereatie islets 

a. Loeated in the abdomen elose to the stomaeh, 
the panereas is both an exocrine and endoerine 
gland. The endoerine portion (islets) releases 
insulin and ghieagon to blood. 

b. Insulin is released when blood levels of ghieose 
are high. It inereases the rate of ghieose uptake 
and metabolism by body eells. Hyposeeretion of 
insulin results in diabetes mellitus, which 
severely disturbs body metabolism. Cardinal 
signs are polyuria, polydipsia, and polyphagia. 

e. Ghieagon, released when blood levels of glucose 
are low, stirmilates the liver to release ghieose to 
blood, thus inereasing blood glucose levels. 

ÌP Endoerine System; Topie: The Aetions of 
Hormones on Target Cells, p. 4. 

6. The pineal gland, loeated posterior to the third 
ventriele of the brain, releases melatonin, which 
affeets sleep as well as biologieal rhythms and 
reproductive behavior in other animals. 

7. The thyimis, loeated in the upper thorax, functions 
during youth but atrophies in old age. Its hor- 
mone, thymosin, promotes maturation of T lym- 
phoeytes, important in body defense. 

8. Gonads 

a. The ovaries of the female release: 

(1) Estrogens: Release of estrogens by ovarian 
follieles begins at puberty under the influ- 
enee of FSH. Estrogens stimulate maturation 
of the female reproductive organs and female 
seeondary sex eharaeteristies. With proges- 
terone, they cause the menstmal eyele. 

(2) Progesterone: Progesterone is released from 
the ovary in response to high blood levels of 
LH. It works with estrogens in establishing 
the menstmal eyele. 

b. The testes of the male begin to produce testos- 
terone at puberty in response to LH stimulation. 
Testosterone promotes maturation of the male 
reproductive organs, male seeondary sex eharae- 
teristies, and production of sperm by the testes. 

e. Hyposeeretion of gonadal hormones results in 
sterility in both females and males. 

Other Hormone-Producing Tissues and Organs 

(pp. 327-330) 

1. The plaeenta is a temporary organ formed in the 
uterus of pregnant women. Its primary endoerine 
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role is to produce estrogen and progesterone, 
which maintain pregnaney and ready breasts for 
laetation. 

2. Several organs that are generally nonendoerine in 
overall function, such as the stomaeh, small intes- 
tine, kidneys, and heart, have eells that seerete 
hormones. 

3. Certain eaneer eells seerete hormones. 

Developmental Aspeets of the Endoerine 
System (p. 330) 

1. In the absenee of disease, effieieney of the endoerine 
system remains high until old age. 

2. Deereasing function of female ovaries at 
menopause leads to such symptoms as osteoporo- 
sis, inereased ehanee of heart disease, and possible 
mood ehanges. 

3. Effieieney of all endoerine glands gradually 
deereases with aging, which leads to a generalized 
inerease in ineidenee of diabetes mellitus, immune 
system depression, lower metabolie rate, and, in 
some areas, eaneer rates. 

Review Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. The major endoerine organs of the body 

a. tend to be very large organs. 

b. are elosely eonneeted with eaeh other. 

e. all contribute to the same function (digestion). 

d. tend to lie near the midline of the body. 

2. Which is generally tme of hormones? 

a. Exocrine glands produce them. 

b. They travel throughout the body in the blood. 

e. They affeet only non-hormone-producing organs. 

d. All steroid hormones produce very similar physi- 
ologieal effeets in the body. 

3. Which of the following hormones is (are) seereted 
by neurons? 

a. Oxytocin e. ADH 

b. Insulin d. Cortisol 

4. ANP, the hormone seereted by the heart, has exactly 
the opposite function to this hormone seereted by 
the outermost zone of the adrenal cortex. 

a. Epinephrine e. Aldosterone 

b. Cortisol d. Testosterone 


3. Hormones that aet direetly or indireetly to elevate 
blood glucose include which of the following? 

a. GH e. insulin 

b. Cortisol d. ACTH 

6. Hypertension may result from hyperseeretion of 

a. thyroxine. e. aldosterone. 

b. eortisol. d. ADH. 

7. Hormones that regulate mineral (salt) levels include 

a. ealeitonin. e. atrial natriuretic peptide. 

b. aldosterone. d. glucagon. 

8. Which of the following is given as a drug to reduce 
inflammation? 

a. Epinephrine e. Aldosterone 

b. Cortisol d. ADH 

9. The element needed for thyroid gland function is 

a. potasshim. e. calcium. 

b. iodine. d. manganese. 

Short Ansvver Essay 

10. Explain how the nervous and endoerine systems 
differ in (a) the rate of their eontrol, (b) the way in 
which they communicate with body eells, and 
(e) the types of body proeesses they eontrol. 

11. Which endoerine organs are actually mixed 
(endoerine and exocrine) glands? Which are purely 
endoerine? 

12. Deseribe the ehemieal nature of hormones. 

13- Provide one example for eaeh way endoerine 
glands are stimulated to release their hormones. 

14. Define negative feedbaek, and explain how it regu- 
lates blood levels of the various hormones. 

13. Explain why not all organs are target organs for all 
hormones. 

16. Deseribe the body loeation of eaeh of the following 
endoerine organs: anterior pituitary, pineal gland, 
thymus, panereas, ovaries, testes. Then, for eaeh 
organ, name its hormones and their effeet(s) on body 
proeesses. Finally, for eaeh hormone, list the impor- 
tant results of its hyperseeretion or hyposeeretion. 

17. Name two endocrine-producing glands (or regions) 
that are important in the stress response, and 
explain why they are important. 

18. The anterior pituitary is often referred to as the 
master endoerine gland, but it too has a “master.” 
What eontrols the release of hormones by the ante- 
rior pituitary? 
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19. What is the most eommon cause of hyperseeretion 
by endoerine organs? 

20. Name three hormone antagonists of insulin and 
one of PTH. 

21. Two hormones are elosely involved in the regula- 
tion of the fluid and eleetrolyte balanee of the 
body. Name them, and explain their effeets on their 
eommon target organ. 

22. What causes a simple goiter? 

23. In general, the endoerine system beeomes less effi- 
eient as we age. List some examples of problems 
that elderly individuals have as a result of deereas- 
ing hormone production. 

Critical Thinking and 
(linieal Applieation 
Questions 

24. A woman with excessive body hair and a deep 
voiee shows the outward symptoms of which hor- 
monal dysfunction? 

23. The parents of 14-year-old Megan are eoneerned 
about her height because she is only 4 feet tall and 
they are both elose to 6 feet tall. After tests by their 
doetor, eertain hormones are preseribed for the girl. 
What is the probable diagnosis? What hormones 
are preseribed, and why might the girl expect to 
reaeh normal height? 


26. Paula, a 28-year-old, has been in the first stage of 
labor for 13 hours. Her uterine eontraetions are 
weak, and her labor is not progressing normally. 
Paula and her doetor desire a vaginal delivery, so 
the physieian orders that Pitoein (a synthetie 
oxytocin) be infused. What is the effeet of this 
hormone? 

27. Mr. Holdt brings his wife to the elinie, eoneerned 
about her nervousness, heart palpitations, and 
excessive sweating. Tests show hyperglyeemia and 
hypertension. What hormones are probably being 
hyperseereted? What is the cause? What physieal 
faetors allow you to mle out thyroid problems? 

28. What are the possible harmful effeets of using ana- 
bolie steroids to inerease muscle mass and strength? 

29. Bertha Wise, age 40, eomes to the elinie, troubled 
by swelling in her faee and unusual fat deposition 
on her baek and abdomen. She reports that she 
bmises easily. Blood tests show elevated glucose 
levels. What is your diagnosis, and what glands 
might be causing the problem? 

30. Maryanne, a street person, is pregnant. She has had 
no prenatal eare, and her diet eonsists of what she 
is able to salvage from trash eans. What could you 
surmise about the PTH levels in her blood? 

31. Riehard Neis had symptoms of excessive seeretion 
of PTH (high blood calcium levels), and his physi- 
eians were eertain he had a parathyroid gland 
tumor. Yet when surgery was performed on his 
neek, the surgeon could not find the parathyroid 
glands at all. Where should the surgeon look next 
to find the tumorous parathyroid gland? 












B bod 


FHNlTION PREI/IEIÁ/ 

I Blood serves as a vehiele for distributing body heat and for transporting nutrients, 
respiratory gases, and other substances throughout the body. 


Blood is the "rii/er of life" that siirges within us. 

Blood transports everything that must be earried 
from one plaee to another within the body— 
nutrients, hormones, wastes (headed for elimina- 
tion from the body), and body heat—through 
blood vessels. Long before modern medieine, 
blood was viewed as magieal because when it 
drained from the body, life departed as well. 

In this ehapter, we eonsider the eomposition 
and function of this life-sustaining fluid. We dis- 
cuss the means by which it is propelled through- 
out the body in ehapter 11. 


Composition and 
Functions of Blood 

Deseribe the eomposition and volume of whole blood. 

Deseribe the eomposition of plasma, and discuss its 
importanee in the body. 

Blood is unique: It is the only fluid tissue in the 
body. Although blood appears to be a thiek, 
homogeneous liquid, the mieroseope reveals that 
it has both solid and liquid eomponents. 
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Components 

Essentially, blood is a complex eonneetive tissue 
in which living blood eells, the formed elements, 
are suspended in a nonliving fluid matrix ealled 
plasma (plaz'muh). The eollagen and elastin 
fibers typieal of other eonneetive tissues are 
absent from blood, but dissolved proteins beeome 
visible as fibrin strands during blood elotting. 

If a sample of blood is spun in a eentriflage, the 
formed elements, being heavier, are paeked down 
by centrifugal foree and the plasma rises to the top 
(Figure 10.1). Most of the reddish mass at the bot- 
tom of the tube is erythroeytes (eh-rith'ro-slts; 
erythro = red), or red blood eells, the formed ele- 
ments that function in oxygen transport. Although it 
is barely visible in Figure 10.1, there is a thin, 
whitish layer ealled the buffy eoat at the junction 
between the erythroeytes and the plasma. This 
layer eontains the remaining formed elements, 
leukocytes (lu'ko-síts; leuko = white), the white 
blood eells that aet in various ways to proteet the 
body, and platelets, eell fragments that help stop 
bleeding. Eiythroeytes normally account for about 
45 pereent of the total volume of a blood sample, a 
pereentage known as the hematoerit (“blood frae- 
tion”). White blood eells and platelets contribute 
less than 1 pereent, and plasma makes up most of 
the remaining 55 pereent of whole blood. 

Physieal Characteristics and Volume 

Blood is a stieky, opaque fluid with a eharaeteristie 
metallie taste. As ehildren, we diseover its saltiness 
the first time we stiek a cut finger into our mouth. 
Depending on the amount of oxygen it is earrying, 
the eolor of blood varies from searlet (oxygen- 
rieh) to a dull red (oxygen-poor). Blood is heavier 
than water and about five times thieker, or more 
viscous, largely because of its formed elements. 
Blood is slightly alkaline, with a pH between 7.35 
and 7.45. Its temperature (38°C, or 100.4°F) is 
ahvays slightly higher than body temperature. 

Blood accounts for approximately 8 pereent of 
body weight, and its volume in healthy men is 5 to 
6 liters, or about 6 quarts. 

Plasma 

Plasma, which is approximately 90 pereent water, is 
the liquid part of the blood. Over 100 different sub- 
stanees are dissolved in this straw-colored fluid. 
Examples of dissolved substances include nutrients, 


salts (eleetrolytes), respiratory gases, hormones, 
plasma proteins, and various wastes and products 
of eell metabolism. Others are listed in Figure 10.1. 

Plasma proteins are the most abundant sokites in 
plasma. Except for antibodies and protein-based hor- 
mones, most plasma proteins are made by the liver. 
The plasma proteins serve a variety of Ametions. For 
instanee, albumin (al-bu'min) aets as a earrier to 
shuttle eertain molecules through the circulation, is 
an important blood buffer, and contributes to the 
osmotie pressure of blood, which aets to keep water 
in the bloodstream. Clotting proteins help stem 
blood loss when a blood vessel is injured, and anti- 
bodies help proteet the body from pathogens. 
Plasma proteins are not taken up by eells to be used 
as food fuels or metabolie nutrients, as are other 
solutes such as gkieose, fatty aeids, and oxygen. 

The eomposition of plasma varies continuously 
as eells remove or add substances to the blood. 
Assuming a healthy diet, however, the eomposition 
of plasma is kept relatively eonstant by various 
homeostatie meehanisms of the body. For example, 
when blood proteins drop to undesirable levels, 
the liver is stimulated to make more proteins, and 
when the blood starts to beeome too aeid (< aeidosis ) 
or too basie (< alkalosis ), both the respiratory system 
and the kidneys are ealled into aetion to restore it 
to its normal, slightly alkaline pH range of 7.35 to 
7.45. Various body organs make dozens of adjust- 
ments day in and day out to maintain the many 
plasma solutes at life-sustaining levels. Besides 
transporting various substances around the body, 
plasma helps to distribute body heat, a by-product 
of cellular metabolism, evenly throughout the body. 

DID YOU GET IT 

1. VVhieh body organ plays the main role in producing 
plasma proteins? 

2 . VVhat are the three major eategories of formed 
elements? 

3. VVhat determines vvhether blood is bright red (searlet) 
or dull red? 

For answers, see Appendix D. 

Formed Elements 

List the eell types making up the formed elements, 
and deseribe the major functions of eaeh type. 

Define anemia, polyeythemia, leukopenia, and 
leukocytosis, and list possible causes for eaeh eondition. 
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How would a deerease in the amount ofplasma proteíns affeet plasma volume? 
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Plasma 55% 


Constituent 

Major Functions 

Water 

90% of plasma 
volume; solvent 
for earrying other 
substances; 
absorbs heat 

Salts (eleetrolytes) 


Sodium 

Osmotie balanee, 

Potassium 

pH buffering, 

Calcium 

regulation of 

Magnesium 

membrane 

Ohloride 

Biearbonate 

permeability 

Plasma proteins 

Albumin 

Osmotie balanee, 
pH buffering 

Fibrinogen 

Olotting of blood 

Globulins 

Defense (antibodies) 
and lipid transport 


Substances transported by blood 

Nutrients (glucose, fatty aeids, amino 
aeids, vitamins) 

Waste products of metabolism 
(urea, uric aeid) 

Respiratory gases (O and CO ) 

Hormones (steroids and thyroid hormone 
are earried by plasma proteins) 




Formed elements (eells) 45% 


Cell Type 


Number 

(per mm 3 of blood) 


Functions 


Erythroeytes 

(red blood eells) 





4-6 million Transport oxygen 

and help transport 
earbon dioxide 


Leukocytes 

(white blood eells) 4,800-10,800 Defense and 


K 




immunity 


Basophil 




Lymphoeyte 



Eosinophil 


Neutrophil 

Platelets 



Monoeyte 




250,000-400,000 Blood elotting 
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Figure 10.1 The eomposition of blood. 
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r Lymphoeyte Platelets 



Erythroeytes Neutrophils 

Figure 10.2 Photomierograph of a blood 
smear. Most of the eells in this view are erythroeytes 
(red blood eells). Two kinds of leukocytes (white blood 
eells) are also present: lymphoeytes and neutrophils. 
Also note the platelets. 


If you observe a stained smear of human blood 
under a light mieroseope, you will see dise-shaped 
red blood eells, a variety of gaudily stained spheri- 
eal white blood eells, and some seattered platelets 
that look like debris (Figure 10.2). However, 
eiythroeytes vastly outnumber the other types of 
formed elements. Table 10.2 on p. 343 provides a 
summary of the important eharaeteristies of the 
various formed elements. 

Erythroeytes 

Erythroeytes, or red blood eells (RBCs), func- 
tion primarily to ferry oxygen in blood to all eells 
of the body. They are superb examples of the “fit” 
between eell structure and function. RBCs differ 
from other blood eells because they are armeleate 
(a-nu'kle-at); that is, they laek a nucleus. They 
also eontain very few organelles. In faet, mature 
RBCs circulating in the blood are literally “bags” of 
hemoglobin molecules. Hemoglobin (he"mo- 
glo'bin) (Hb), an iron-bearing protein, transports 
the bulk of the oxygen that is earried in the blood. 



(a) Normal RBC and amino aeid 
sequence of its hemoglobin 



(b) Siekled RBC and its 
hemoglobin sequence 

Figure 10.3 Comparison of (a) normal 
erythroeyte to a (b) siekled erythroeyte (5000 x). 

(It also binds with a small amount of earbon diox- 
ide.) Moreover, because erythroeytes laek mito- 
ehondria and make ATP by anaerobie meeha- 
nisms, they do not use up any of the oxygen they 
are transporting, making them very effieient oxy- 
gen transporters indeed. 

Erythroeytes are small, fiexible eells shaped like 
bieoneave dises—flattened dises with depressed 
eenters on both sides (Figure 10.2 and Figure 
10.3a). Because of their thinner eenters, they look 
like miniature doughnuts when viewed with a 
mieroseope. Their small size and peculiar shape 
provide a large surface area relative to their vol- 
ume, making them ideally suited for gas exchange. 
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Table 10.1 Types of Anemia 

Direet cause 

Resulting from 

Leading to 

Deerease in RBC number 

Sudden hemorrhage 

Hemorrhagie anemia 


Lysis of RBCs as a result of baeterial infeetions 

Hemolytie (he"mo-lit'ik) 
anemia 


Laek of vitamin B 12 (usually due to laek of intrinsie 
faetor required for absorption of the vitamin; 
intrinsie faetor is formed by stomaeh mucosa eells) 

Pernicious (per-nish'us) 
anemia 


Depression/destruction of bone marrovv by eaneer, 
radiation, or eertain medieations 

Aplastie anemia 

lnadequate hemoglobin 
eontent in RBCs 

Laek of iron in diet or slovv/prolonged bleeding 
(such as heavy menstmal flovv or bleeding ulcer), 
vvhieh depletes iron reserves needed to make 
hemoglobin; RBCs are small and pale because 
they laek hemoglobin 

iron-defieieney anemia 

Abnormal hemoglobin 
in RBCs 

Genetie defeet leads to abnormal hemoglobin, 
vvhieh beeomes sharp and siekle-shaped under 
eonditions of inereased oxygen use by body; 
occurs mainly in people of Afriean deseent 

Siekle eell anemia 


RBCs outnumber white blood eells by about 
1,000 to 1 and are the major faetor contributing to 
blood viseosity. Although the numbers of RBCs in 
the circulation do vary, there are normally about 
5 million eells per cubic millimeter of blood. (A 
cubic millimeter [mm 3 ] is a very tiny drop of blood, 
almost not enough to be seen.) When the number 
of RBC/mm 3 inereases, blood viseosity inereases. 
Similarly, as the number of RBCs deereases, blood 
thins and flows more rapidly. However, let’s not 
get earried away talking about RBC nmnbers. 
Although their numbers are important, it is the 
amount of hemoglobin in the bloodstream at any 
time that really determines how well the erythro- 
eytes are performing their role of oxygen transport. 

The more hemoglobin molecules the RBCs 
eontain, the more oxygen they will be able to 
earry. So, perhaps the most accurate way of mea- 
suring the oxygen-carrying eapaeity of the blood is 
to determine how much hemoglobin it eontains. A 
single red blood eell eontains about 250 million 
hemoglobin molecules, eaeh eapable of binding 
4 molecules of oxygen, so eaeh of these tiny eells 
ean earry about 1 billion molecules of oxygen! 


This information is astounding but not very praeti- 
eal. Much more important elinieally is the faet that 
normal blood eontains 12-18 grams (g) of hemo- 
globin per 100 milliliters (ml) of blood. The hemo- 
globin eontent is slightly higher in men (13-18 
g/ml) than in women (12-16 g/ml). 

HOMEOSTATIC IMBALANCE 

A deerease in the oxygen-carrying abil- 
ity of the blood, whatever the reason, is anemia 
(ah-ne'me-ah; “laeking blood”). Anemia may be 
the result of (1) a lower-than-normal number of 
RBCs or (2) abnormal or defieient hemoglobin eon- 
tent in the RBCs. Several types of anemia are elassi- 
fied and deseribed briefly in Table 10.1, but one of 
these, siekle eell anemia, deserves a little more 
attention because people with this genetie disorder 
are frequently seen in hospital emergeney rooms. 

In siekle eell anemia (SCA), the abnormal 
hemoglobin formed beeomes spiky and sharp 
(Figure 10.3b) when the RBCs unload oxygen mol- 
ecules or when the oxygen eontent of the blood is 
lower than normal, as during vigorous exercise, 
anxiety, or other stressful situations. The stiff, 
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deformed (ereseent-shaped) erythroeytes rupture 
easily and dam up in small blood vessels. These 
events interfere with oxygen delivery (leaving 
vietims gasping for air) and cause extreme pain. It 
is amazing that this havoe results from a ehange in 
just one of the amino aeids in two of the four 
polypeptide ehains of the hemoglobin molecule! 

Siekle eell anemia occurs ehiefly in blaek peo- 
ple who live in the malaria belt of Afriea and 
among their deseendants. Apparently, the same 
gene that causes siekling makes red blood eells 
infeeted by the malaria-causing parasite stiek to 
the eapillary walls and then lose potassium, an 
essential nutrient for smvival of the parasite. 
Henee, the malaria-causing parasite is prevented 
from multiplying within the red blood eells, and 
individuals with the siekle eell gene have a better 
ehanee of smviving where malaria is prevalent. 
Only those earrying two eopies of the defeetive 
gene have siekle eell anemia. Those earrying just 
one siekling gene have siekle eell trait (SCT); 
they generally do not display the symptoms but 
ean pass on the siekling gene to their offspring. 

An excessive or abnormal inerease in the num- 
ber of erythroeytes is polyeythemia pol"e-si- 
the'me-ah). Polyeythemia may result from bone 
marrow eaneer (polyeythemia vera). It may also be 
a normal physiologie (homeostatie) response to 
living at high altitudes, where the air is thinner 
and less oxygen is available (seeondary poly- 
eythemia). The major problem that results from 
excessive numbers of RBCs is inereased blood vis- 
eosity, which causes blood to flow sluggishly in 
the body and impairs circulation. ) 

Leukocytes 

Although leukocytes, or white blood eells 
(WBCs), are far less numerous than red blood 
eells, they are emeial to body defense against dis- 
ease. On average, there are 4,800 to 10,800 
WBC/mm 3 , and they account for less than 1 per- 
eent of total blood volume. White blood eells are 
the only eomplete eells in blood; that is, they eon- 
tain nuclei and the usual organelles. 

Leukocytes form a proteetive, movable army 
that helps defend the body against damage by 
baeteria, vimses, parasites, and tumor eells. As 
such, they have some very speeial eharaeteristies. 
Red blood eells are eonfined to the bloodstream 
and earry out their functions in the blood. White 
blood eells, by eontrast, are able to slip into 


and out of the blood vessels—a proeess ealled 
diapedesis (di"ah-peh-de'sis; “leaping aeross”). 

The circulatory system is simply their means of 
transportation to areas of the body where their 
serviees are needed for inflammatory or immune 
responses (as deseribed in ehapter 12). 

In addition, WBCs ean loeate areas of tissue 
damage and infeetion in the body by responding 
to eertain ehemieals that diffuse from the damaged 
eells. This eapability is ealled positive ehemo- 
taxis (ke"mo-tax'is). Onee they have a caught the 
seent,” the WBCs move through the tissue spaees 
by amoeboid (ah-me'boid) motion (they form 
flowing eytoplasmie extensions that help move 
them along). By following the diffusion gradient, 
they pinpoint areas of tissue damage and rally 
round in large numbers to destroy mieroorganisms 
and dispose of dead eells. 

Whenever WBCs mobilize for aetion, the body 
speeds up their production, and as many as twice 
the normal number of WBCs may appear in the 
blood within a few hours. A total WBC count above 
11,000 eells/mm 3 is referred to as leukocytosis 
(lu"ko-si-to' sis). Leukocytosis generally indieates 
that a baeterial or viral infeetion is stewing in 
the body. The opposite eondition, leukopenia 
(lu"ko-pe'ne-ah), is an abnormally low WBC count. 
It is eommonly caused by eertain dmgs, such as 
eortieosteroids and antieaneer agents. 

^ HOMEOSTATIC IMBALANCE 

v Leukocytosis is a normal and desirable 
response to infectious threats to the body. By eon- 
trast, the excessive production of abnormal WBCs 
that occurs in infectious mononucleosis and 
leukemia is distinetly pathologieal. In leukemia 
(lu-ke'me-ah), literally a white blood,” the bone 
marrow beeomes cancerous, and huge numbers of 
WBCs are turned out rapidly. Although this might 
not appear to present a problem, the a newborn” 
WBCs are immature and ineapable of earrying out 
their normal proteetive functions. Consequently, 
the body beeomes the easy prey of disease- 
causing baeteria and vimses. Additionally, because 
other blood eell lines are crowded out, severe 
anemia and bleeding problems result. ) 

WBCs are elassified into two major groups— 
granulocytes and agranulocytes—depending on 
whether or not they eontain visible granules in their 
eytoplasm. Speeifie eharaeteristies and mieroseopie 
views of the leukocytes ean be seen in Table 10.2. 
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Table 10.2 Characteristics of Formed Elements of the Blood 


Oeeiirrenee 
in blood 

Gell type (per mm Cell anatomy* Function 


ERYTHROCYTES 

(red blood eells) 


4-6 million 




LEUKOCYTES 

(white blood eells) 


4,800-10,800 


Granulocytes 

• Neutrophils 3,000-7,000 

(40-70% 
of WBCs) 



• Eosinophils 



• Basophils 



Agranulocytes 

• Lymphoeytes 



100-400 
(1-4% of 
WBCs) 


20-50 
( 0-1 % 
of WBCs) 


1,500-3,000 
(20-45% 
of WBCs) 


• Monoeytes 



100-700 
(4-8 % 
of WBCs) 


PLATELETS 



150,000- 

400,000 


Salmon-eolored bieoneave 
disks; anucleate; literally, saes 
of hemoglobin; most organelles 
have been ejeeted 


Cytoplasm stains pale pink and 
eontains fine granules, which 
are difficult to see; deep purple 
nucleus eonsists of three to 
seven lobes eonneeted by thin 
strands of nucleoplasm 

Red eoarse eytoplasmie 
granules; figure-8 or bilobed 
nucleus stains blue-red 

Cytoplasm has a few large 
blue-purple granules; U- or 
S-shaped nucleus with 
eonstrietions, stains dark blue 


Cytoplasm pale blue and 
appears as thin rim around 
nucleus; spherieal (or slightly 
indented) dark purple-blue 
nucleus 


Abundant gray-blue eytoplasm; 
dark blue-purple nucleus often 
kidney-shaped 


Essentially irregularly shaped 
eell fragments; stain deep purple 


Transport oxygen bound to 
hemoglobin molecules; also 
transport small amount of 
earbon dioxide 


Aetive phagoeytes; number 
inereases rapidly during 
short-term or acute 
infeetions 


Kill parasitie worms by 
deluging them with digestive 
enzymes; play a complex 
role in allergy attaeks 

Release histamine (vasodilator 
ehemieal), at sites of 
inflammation; eontain heparin, 
an anticoagulant 

Part of immune system; one 
group (B lymphoeytes) 
produces antibodies; other 
group (T lymphoeytes) 
involved in graft rejeetion, 
fighting tumors and vimses, 
via direet eell attaek 

Aetive phagoeytes that beeome 
maerophages in the tissues; 
long-term “cleanup team”; 
inerease in number during 
ehronie infeetions such as 
tuberculosis 

Needed for normal blood 
elotting; initiate elotting 
easeade by elinging to 
torn area 


*Appearance when stained with Wright’s stain. 
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Granulocytes (gran'u-lo-sìtz") are granule- 
eontaining WBCs. They have lobed nuclei, which 
typieally eonsist of several rounded nuclear areas 
eonneeted by thin strands of nuclear material. The 
granules in their eytoplasm stain speeifieally with 
Wright’s stain. The granulocytes include the neu- 
trophils (nu' tro-filz), eosinophils (e"o-sin' o-filz), 
and basophils (ba'so-filz). 


1. Neutrophils are the most numerous of the 
WBCs. They have a multilobed nucleus and 
very fine granules that respond to both aeidie 
and basie stains. Consequently, the eytoplasm 
as a whole stains pink. Neutrophils are avid 
phagoeytes at sites of acute infeetion. They are 
particularly partial to baeteria and fungi, which 
they kill during a respiratory burst that deluges 
the phagoeytized invaders with a potent brew 
of oxidizing substances (bleaeh, hydrogen per- 
oxide, and others). 


2. Eosinophils have a blue-red nucleus that 
resembles an old-fashioned telephone reeeiver 
and sport eoarse, lysosome-like, briek-red eyto- 
plasmie granules. Their number inereases rap- 
idly during infeetions by parasitie worms 
(flatworms, tapeworms, ete.) ingested in food 
(raw fish) or entering via the skin. When 
eosinophils encounter a parasitie worm prey, 
they gather around and release enzymes from 
their eytoplasmie granules onto the parasite’s 
surface, digesting it away. 

3. Basophils, the rarest of the WBCs, have large 
histamine-eontaining granules that stain dark 
blue. Histamine is an infiammatory ehemieal 
that makes blood vessels leaky and attraets 
other WBCs to the inflammatory site. 

The seeond group of WBCs, agranulocytes, 
laek visible eytoplasmie granules. Their nuclei are 
eloser to the norm—that is, they are spherieal, 
oval, or kidney-shaped. The agranulocytes in- 
clude lymphoeytes (lim'fo-sits) and monoeytes 
(mon'o-síts). 


1. Lymphoeytes have a large, dark purple nu- 
cleus that occupies most of the eell volume. 
Only slightly larger than RBCs, lymphoeytes 
tend to take up residenee in lymphatie tissues, 
where they play an important role in the 
immune response. They are the seeond most 
numerous leukocytes in the blood. 

2. Monoeytes are the largest of the WBCs. Except 
for their more abundant eytoplasm and distine- 


tive U- or kidney-shaped nucleus, they resem- 
ble large lymphoeytes. When they migrate into 
the tissues, they ehange into maerophages with 
huge appetites. Maerophages are important in 
fighting ehronie infeetions, such as tuberculosis. 

Students are often asked to list the WBCs in order 
of relative abundance in the blood—from most to 
least. The following phrase may help you with this 
task: Never let monkeys eat bananas (neutrophils, 
lymphoeytes, monoeytes, eosinophils, basophils). 

Platelets 

Platelets are not eells in the striet sense. They are 
fragments of bizarre multinucleate eells ealled 
megakaryoeytes (meg"ah-kar'e-o-sítz), which pineh 
off thousands of anucleate platelet “pieees” that 
quickly seal themselves off from the surrounding 
fluids. The platelets appear as darkly staining, irreg- 
ularly shaped bodies seattered among the other 
blood eells. The normal platelet count in blood is 
about 300,000/mm 3 . As indieated in Table 10.2, 
platelets are needed for the elotting proeess that 
occurs in plasma when blood vessels are ruptured or 
broken. (We explain this proeess on pp. 346-348.) 


DID YOU GET IT 



4. VVhat is the role of hemoglobin in the red blood eell? 

5. VVhieh white blood eells are most important in body 
immiinity? 

6 . If you had a severe infeetion, would you expect your 
WBC count to be elosest to 5,000, 10,000, or 
15,000/mm 3 ? 

7. Little Lisa is pale and listless. What disorder of 
erythroeytes might she be suffering from? 

For answers, see Appendix D. 


Hematopoiesis (Blood Cell 
Formation) 

Explain the role of the hemoeytoblast. 

Blood eell formation, or hematopoiesis (hem"ah- 
to-poi-e'sis), occurs in red bone marrow, or 
myeloid tissue. In adults, this tissue is found 
ehiefly in the flat bones of the skull and pelvis, the 
ribs, sternum, and proximal epiphyses of the 
humerus and femur. Eaeh type of blood eell is 
produced in different numbers in response to 
ehanging body needs and different stimuli. After 
they mature, they are diseharged into the blood 
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vessels surrounding the area. On average, the red 
marrow turns out, eaeh and every day, an ounce 
of new blood eontaining 100 billion new eells. 

All the formed elements arise from a eommon 
type of stem eell, the hemoeytoblast (he"mo- 
si'to-blast; “blood eell former”), which resides in 
the red bone marrow. Their development differs, 
however, and onee a eell is eommitted to a speeifie 
blood pathway, it eannot ehange. As indieated in 
the flowchart in Figure 10.4, the hemoeytoblast 
forms two types of deseendants—the lymphoid 
stem eell, which produces lymphoeytes, and the 
myeloid stem eell, which ean produce all other 
elasses of formed elements. 

Formation of Red Blood Cells 

Because they are anucleate, RBCs are unable to 
synthesize proteins, grow, or divide. As they age, 
RBCs beeome more rigid and begin to fragment, 
or fall apart, in 100 to 120 days. Their remains are 
eliminated by phagoeytes in the spleen, liver, and 
other body tissues. Lost eells are replaeed more or 
less continuously by the division of hemoeyto- 
blasts in the red bone marrow. The developing 
RBCs divide many times and then begin synthesiz- 
ing huge amounts of hemoglobin. Suddenly, when 
enough hemoglobin has been accumulated, the 
nucleus and most organelles are ejeeted and 
the eell eollapses inward. The result is the young 
RBC, ealled a reticulocyte (ré-tik'u-lo-sít) because 
it still eontains some rough endoplasmie reticulum 
(ER). The reticulocytes enter the bloodstream to 
begin their task of transporting oxygen. Within 
2 days of release, they have ejeeted the remaining 
ER and have beeome fully functioning erythro- 
eytes. The entire developmental proeess from 
hemoeytoblast to mature RBC takes 3 to 5 days. 

The rate of erythroeyte production is eontrolled 
by a hormone ealled erythropoietin (è-rith"ro-poi- 
e'tin). Normally a small amount of erythropoietin 
circulates in the blood at all times, and red blood 
eells are formed at a fairly eonstant rate. Although 
the liver produces some, the kidneys play the major 
role in producing this hormone. When blood levels 
of oxygen begin to deeline for any reason, the kid- 
neys step up their release of erythropoietin. 
Erythropoietin targets the bone marrow, prodding it 
into “high gear” to turn out more RBCs. Follow this 
sequence of events in Figure 10.5. 

As you might expect, an overabundance of 
eiythroeytes, or an excessive amount of oxygen in 


Hemoeytoblast 
stem eells 



Lymphoeytes Monoeytes Neutrophils 


Figure 10.4 The development of blood eells. 

All blood eells differentiate from hemoeytoblast stem 
eells in red bone marrow. The population of stem eells 
renews itself by mitosis. Some daughter eells beeome 
lymphoid stem eells, which develop into two elasses of 
lymphoeytes that function in the immune response. All 
other blood eells differentiate from myeloid stem eells. 

the bloodstream, depresses erythropoietin release 
and red blood eell production. An important point 
to remember is that it is not the relative number of 
RBCs in the blood that eontrols RBC production. 
Control is based on their ability to transport enough 
oxygen to meet the body’s demands. 

Formation of White Blood Cells 
and Platelets 

Like erythroeyte production, the formation of leuko- 
eytes and platelets is stinmlated by hormones. These 
eolony stimulating faetors (CSFs ) and interleukins 
not only prompt red bone marrow to turn out 
leukocytes, but also marshal up an army of WBCs to 
ward off attaeks by enhaneing the ability of mature 
leukocytes to proteet the body. Apparently, they are 
released in response to speeifie ehemieal signals 
in the environment, such as inflammatory ehemieals 
and eertain baeteria or their toxins. The hormone 
thromhopoietin aeeelerates the production of 
platelets from megakaryoeytes, but little is known 
about how that proeess is regulated. 

When bone marrow problems or disease eon- 
ditions such as aplastie anemia or leukemia are 
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Why do many peopte with advaneed kidney disease beeome anemie? 








Homeostasis: Normal blood oxygen levels 


2 


earrying 


(D o 

ability of blood 
inereases. 




Enhaneed 


erythropoiesis 
inereases RBC 
count. 


(T) Stimulus 

Low blood 0 2 -carrying ability 
due to 

• Deereased RBC count 

• Deereased amount of hemoglobin 

• Deereased availability of 0 2 


(D Erythropoietin 
stimulates red bone 
marrovv. 


© Kidney (and liver 
to a smaller extent) 
releases erythropoietin 


Figure 10.5 Meehanism for regulating the rate of RBC prodiietion. 


suspected, a speeial needle is used to withdraw a 
small sample of red marrow from one of the flat 
bones (ilium or sternum) elose to the body sur- 
faee. This procedure provides eells for a miero- 
seopie examination ealled a bone marrow biopsy. 


DID YOU GET IT 



8 . VVhat is the name of the stem eell that gives rise to all 
formed elements? 

9. VVhat property of RBCs dooms them to a limited life 
span of about 120 days? 

10. How is the production of platelets different from that 
of all other formed elements? 

For answers, see Appendix D. 


Hemostass 

Deseribe the blood-elotting proeess. 

Name some faetors that may inhibit or enhanee the 
blood-elotting proeess. 


Normally, blood flows smoothly past the intaet lin- 
ing (endothelium) of blood vessel walls. But if a 
blood vessel wall breaks, a series of reaetions is 
set in motion to aeeomplish hemostasis (hem 


blood; stasis 


standing still), or stoppage of 


bleeding. This response, which is fast and loeal- 
ized, involves many substances normally present 
in plasma, as well as some that are released by 
platelets and injured tissue eells. 

Hemostasis involves three major phases, which 
occur in rapid sequence: vascular spasms, 
platelet plug formation, and coagulation, or 
blood elotting. Blood loss at the site is perma- 
nently prevented when fibrous tissue grows into 
the elot and seals the hole in the blood vessel. 

Basieally, hemostasis occurs as follows (Figure 
10 . 6 ): 


© Vascular spasms occur. The immediate 
response to blood vessel injury is vasoeonstrie- 
tion, which causes that blood vessel to go into 
spasms. The spasms narrow the blood vessel at 
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Step (í Vascular spasms 


occur. 


Smooth muscle eontraets, 
causing vasoeonstrietion. 


í 



Platelets 


Step ( Platelet plug 
forms. 

• lnjury to lining of vessel 
exposes eollagen 
fibers; platelets adhere. 


• Platelets release 
ehemieals that make 
nearby platelets stieky; 
platelet plug forms. 



Step (3 Coagulation 
events occur. 

• eiotting faetors present 
in plasma and released 
by injured tissue eells 
interaet with Ca 2+ to 
form thrombin, the 
enzyme that eatalyzes 
joining of fibrinogen 
molecules in plasma to 
fibrin. 


• Fibrin forms a mesh that 
traps red blood eells and 
platelets, forming the elot. 

Figiire 10.6 Events of hemostasis. 


that point, deereasing blood loss until elotting 
ean occur. (Other faetors causing vessel spasms 
include direet injury to the smooth muscle 
eells, stiimilation of loeal pain reeeptors, and 
release of serotonin by anehored platelets.) 

(g) Platelet plug forms. Platelets are repelled by 
an intaet endothelium, but when it is broken so 



Figiire 10.7 Fibrin elot. Seanning eleetron 
mierograph (artifieially eolored) of red blood eells 
trapped in a mesh of fibrin threads. 


that the underlying eollagen fibers are exposed, 
the platelets beeome “stieky” and eling to the 
damaged site. Anehored platelets release 
ehemieals that enhanee the vascular spasms 
and attraet more platelets to the site. As more 
and more platelets pile up, a small mass ealled 
a plateletplug, or ivbite thrombiis, forms. 

(3) Coagulation events occur. At the same time, 
the injured tissues are releasing tissue faetor 
(TF), which interaets with PF 3 , a phospholipid 
that eoats the surfaces of the platelets. This 
eombination interaets with other blood protein 
elotting faetors and ealemm ions (Ca ) to form 
an aetivator that leads to the formation of 
thrombin, an enzyme. Thrombin then joins 
soluble fìbrinogen (fi-brin'o-jen) proteins into 
long, hairlike molecules of insoluble fibrin. 
Fibrin forms a meshwork that traps the RBCs 
and forms the basis of the elot (Figure 10.7). 
Within the hour, the elot begins to retraet, 
squeezing serum (plasma minus the elotting 
proteins) from the mass and pulling the mp- 
tured edges of the blood vessel eloser together. 

Normally, blood elots within 3 to 6 minutes. As 
a mle, onee the elotting easeade has started, the 
triggering faetors are rapidly inaetivated to prevent 
widespread elotting (“solid blood”). Eventually, the 
endothelium regenerates, and the elot is broken 
down. Onee these events of the elotting easeade 
were understood, it beeame elear that plaeing a 
sterile gauze over a cut or applying pressure to a 
wound would speed up the elotting proeess. The 
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gauze provides a rough surface to which the 
platelets ean adhere, and the pressure fractures 
eells, inereasing the release of tissue faetor loeally. 

Disorders of Hemostasis 

HOMEOSTATIC IMBALANOE 

The two major disorders of hemosta- 
sis—undesirable elot formation and bleeding 
disorders—are at opposite poles. 

Llndesirable eiotting 

Despite the body’s safeguards against abnormal 
elotting, undesirable elots sometimes form in intaet 
(unbroken) blood vessels, particularly in the legs. 
A elot that develops and persists in an unbroken 
blood vessel is ealled a thrombus (throm'bus). If 
the thrombus is large enough, it may prevent blood 
from flowing to the eells beyond the bloekage. For 
example, if the bloekage forms in the blood ves- 
sels serving the heart (eoronary thrombosis ), the 
consequences may be death of heart muscle and a 
fatal heart attaek. If a thrombus breaks away from 
the vessel wall and floats freely in the blood- 
stream, it beeomes an embolus (em'bo-lus; plu- 
ral, embolí). An embohis is usually no problem 
unless or until it lodges in a blood vessel too nar- 
row for it to pass through. For example, a eerebral 
embolns may cause a stroke. 

Undesirable elotting may be caused by any- 
thing that roughens the endothelium of a blood 
vessel and encourages elinging of platelets, such 
as severe burns, physieal blows, or an accumula- 
tion of fatty material. Slowly flowing blood, or 
blood pooling, is another risk faetor, espeeially in 
immobilized patients. In this ease, elotting faetors 
are not washed away as usual and accumulate so 
that elot formation beeomes possible. A number of 
anticoagulants, the most important of which are 
aspirin, heparin, and dicumarol, are used elinieally 
for thrombus-prone patients. 

Bleeding Disorders 

The most eommon causes of abnormal bleeding 
are platelet defieieney (thromboeytopenia) and 
defieits of some of the elotting faetors, such as 
might result from impaired liver function or eertain 
genetie eonditions. 

Thromboeytopenia results from an insuffi- 
eient number of circulating platelets. Even normal 
movements cause spontaneous bleeding from 
small blood vessels. This is evideneed by many 



small purplish blotehes, ealled peteehiae (pe- 
te'ke-e), on the skin. It ean arise from any eondi- 
tion that suppresses the bone marrow, such as 
bone marrow eaneer, radiation, or eertain dmgs. 

When the liver is unable to synthesize its usual 
supply of elotting faetors, abnormal and often 
severe bleeding episodes occur. If vitamin K 
(needed by the liver eells to produce the elotting 
faetors) is defieient, the problem is easily eorreeted 
with vitamin K supplements. However, when liver 
hanetion is severely impaired (as in hepatitis and 
eirrhosis), only whole blood transfusions are help- 
ful. Transfusions of eoneentrated platelets provide 
temporary relief from bleeding. 

The term hemophilia (he"mo-fil'e-ah) applies 
to several different hereditary bleeding disorders 
that result from a laek of any of the faetors needed 
for elotting. Commonly ealled “bleeder’s disease,” 
the hemophilias have similar signs and symptoms 
that begin early in life. Even minor tissue trauma 
results in prolonged bleeding and ean be life- 
threatening. Repeated bleeding into joints causes 
them to beeome disabled and painful. 

When a bleeding episode occurs, hemophili- 
aes are given a transfusion of fresh plasma or 
injeetions of the purified elotting faetor they laek. 
Because hemophiliaes are absolutely dependent 
on one or the other of these therapies, some have 
beeome the vietims of blood-transmitted viral dis- 
eases such as hepatitis and AIDS. (AIDS, acquired 
immune defieieney syndrome, is a eondition of 
depressed immunity and is deseribed in ehapter 
12.) These problems have been largely resolved 
because of the availability of genetieally engi- 
neered elotting faetors and hepatitis vaeeines. ) 

DID YOU GET IT 

11. What faetors enhanee the risk of thrombus formation 

in intaet blood vessels? 

For the answer, see Appendix D. 

Blood Groups and 
Transfusions 

Deseribe the ABO and Rh blood groups. 

Explain the basis for a transfusion reaetion. 

As we have seen, blood is vital for transporting 
substances through the body. When blood is lost, 




Foais on 


Phlebotomy 


Phlebotomists must know where all 
the arteries and veins are loeated in 
the body. 

“Phlebotomy is the most important 
procedure done for a medieal 
laboratory,” says Miehael Coté, who 
supervises the phlebotomy staff at 
Palo Alto Veterans Administration 
Hospital in California. “To make 
accurate diagnosis and effeetive 
treatment possible, it’s vital to draw 
a good blood sample, plaee it in a 
sterile eontainer, and proeess it 
accurately in the lab. Without a 
high-quality speeimen, none of this 
ean happen.” 

Phlebotomy is not exactly a 
household word. It derives from the 
Greek terms for “vein” and “to cut.” 

A phlebotomy teehnieian, or 
phlebotomist, is trained to eolleet 
and proeess blood samples that will 
be subjected to laboratory analysis. 

Coté appreeiates how important it 
is for phlebotomists to understand 
anatomy and physiology. “Anatomy 
is a key requirement in phlebotomy 
training,” he says, “because you 
have to learn where all the arteries 
and veins are loeated in the body. 
Some patients’ veins are easy to 
find, but others have veins that are 
praetieally invisible. You need to 
know the right plaee to insert that 
needle. Although 90 pereent of the 
blood we draw eomes from the 
antecubital region inside the elbow, 
we may also draw blood from the 
eephalie vein in the forearm, or from 
veins in the hands.” 



Coté notes that knowledge of 
physiology is also important. “I have 
to be able to assess patients’ overall 
health and physieal eondition, 
because this affeets their ability to 
give an adequate blood sample and 
may demand that a different needle 
size be used to draw the blood 
sample. People who are dehydrated 
ean be difficult because their blood 
pressure is lower and venous return 
is impaired. Patients with poor 
circulation are also harder to work 
with. The blood tends to stay in the 
body trunk rather than flowing freely 
into the extremities because they’re 
eold, and it’s difficult to get a good 
return from veins in the arms. Cancer 
patients often show inereased 
sensitivity to pain, so we have to be 
very gentle and use the smallest 
needle possible.” Patients with a 
history of drug abuse pose other 
ehallenges. “Frequent ‘stieking’ with 
needles causes sear tissue to form. 
You ean tell people who have used 
intravenous drugs—their veins feel 
roek-hard and are much more 
difficult to penetrate with a needle.” 

Coté says that a good 
phlebotomist must also possess 
effeetive interpersonal skills: “People 
are apprehensive about being stuck 
with needles, so you have to be 
patient and be able to put them at 
ease. Above all, you have to be 
eonfident. If the phlebotomist is 
nervous, the patient will sense it and 
get nervous too.” 

To beeome eertified, a phlebotomy 
teehnieian must be a high 


Anatomy is a key 
requirement in 
phlebotomy 
tra i n ing. 


sehool graduate, eomplete a 
phlebotomy training program or 
acquire equivalent experience, and 
pass a eertifieation exam offered by 
the Ameriean Soeiety for Clinical 
Pathologists. 

Aeereditation procedures for 
phlebotomists vary from state to 
state. For more information, eontaet 
the Ameriean Soeiety for Ginieal 
Pathologists at 

33 West Monroe Street, 

Suite 1600 
Chicago, IL 60603 
(312) 541-4999 
http://www.ascp.org 


For additional information on this 
eareer, eliek the Focus on Careers link at 

www.anatomyandphysiology.com. 
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the blood vessels eonstriet and the bone marrow 
steps up blood eell formation in an attempt to 
keep the circulation going. However, the body ean 
eompensate for a loss of blood volume only up to 
a eertain limit. Losses of 15 to 30 pereent lead to 
pallor and weakness. Loss of over 30 pereent causes 
severe shoek, which ean be fatal. 

Whole blood transfusions are routinely given 
to replaee substantial blood loss and to treat 
severe anemia or thromboeytopenia. The usual 
blood bank procedure involves eolleeting blood 
from a donor and mixing it with an anticoagulant 
to prevent elotting. The treated blood ean be 
stored (refrigerated at 4°C, or 39.2°F) for about 
35 days until needed. 

Human Blood Groups 

Although whole blood transfusion ean save lives, 
people have different blood groups, and transfus- 
ing ineompatible or mismatehed blood ean be 
fatal. How so? The plasma membranes of RBCs, 
like those of all other body eells, bear genetieally 
determined proteins (antigens), which identify 
eaeh person as unique. An antigen (an'tí-jen) is a 
substance that the body reeognizes as foreign; it 
stimulates the immune system to release antibod- 
ies or use other means to mount a defense against 
it. Most antigens are foreign proteins, such as 
those that are part of vimses or baeteria that have 
managed to invade the body. Although eaeh of us 
tolerates our own cellular (self) antigens, one per- 
son’s RBC proteins will be reeognized as foreign if 
transfused into another person with different RBC 
antigens. The “reeognizers” are antibodies pres- 
ent in the plasma that attaeh to RBCs bearing sur- 
faee antigens different from those on the patient’s 
(blood reeipient’s) RBCs. Binding of the antibodies 
causes the foreign RBCs to clump, a phenomenon 
ealled agglutination* (ah-gloo"tí-na'shun), which 
leads to the elogging of small blood vessels 
throughout the body. During the next few hours, 
the foreign RBCs are lysed (ruptured), and their 
hemoglobin is released into the bloodstream. 

Although the transfused blood is unable to 
deliver the inereased oxygen-carrying eapaeity 
hoped for and some tissue areas may be deprived 


:I: The RBC antigens that promote this elnmping are sometimes 
ealled agglutinogens (ag"loo-tin'o-jenz), and the antibodies 
that bind them together are ealled agglutinins (ag"loo'tí-ninz). 


of blood, the most devastating consequence of 
severe transfusion reaetions is that the freed hemo- 
globin molecules may bloek the kidney tubules, 
causing kidney failure and death. Transfusion reae- 
tions ean also cause fever, ehills, nausea, and vom- 
iting, but in the absenee of kidney shutdown these 
reaetions are rarely fatal. Treatment is aimed at pre- 
venting kidney damage by infiasing fluids to dilute 
and dissolve the hemoglobin and dmreties to flush 
it out of the body in urine. 

There are over 30 eommon RBC antigens in 
humans, so eaeh person’s blood eells ean be elassi- 
fied into several different blood groups. However, 
it is the antigens of the ABO and Rh blood groups 
that cause the most vigorous transfiasion reaetions. 
We deseribe these two blood groups here. 

As shown in Table 10.3, the ABO blood 
groups are based on which of two antigens, type 
A or type B, a person inherits. Absenee of both 
antigens results in type O blood, presenee of both 
antigens leads to type AB, and the presenee of 
either A or B antigen yields type A or B blood, 
respeetively. In the ABO blood group, antibodies 
form during infaney against the ABO antigens not 
present on your own RBCs. As shown in the table, 
a baby with neither the A nor the B antigen 
(group O) forms both anti-A and anti-B antibod- 
ies; those with type A antigens (group A) form 
anti-B antibodies, and so on. 

The Rh blood groups are so named because 
one of the eight Rh antigens (agglutinogen D) was 
originally identified in Rhesus monkeys. Later the 
same antigen was diseovered in humans. Most 
Amerieans are Rh + (Rh positive), meaning that their 
RBCs earry the Rh antigen. Unlike the antibodies of 
the ABO system, anti-Rh antibodies are not automat- 
ieally formed and present in the blood of Rh _ (Rh 
negative) individuals. However, if an Rh _ person 
reeeives mismatehed blood (that is, Rh + ), shortly 
after the transfiasion his or her immune system 
beeomes sensitized and begins producing antibodies 
(anti-Rh + antibodies) against the foreign blood type. 

Hemolysis (rupture of RBCs) does not occur 
with the first transfusion because it takes time for 
the body to reaet and start making antibodies. 
However, the seeond time and every time there- 
after, a typieal transfusion reaetion occurs in which 
the patient’s antibodies attaek and rupture the 
donor’s Rh + RBCs. 

An important Rh-related problem occurs in 
pregnant Rh _ women who are earrying Rh + babies. 
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Table 10.3 ABO Blood Groups 

Blood 

group 

Freauencv (% U.S. Dooulation) 

Native 

White Blaek Asian Ameriean 

RBC antigens 

(agglutinogens) 

lllustration 

Plasma 

antibodies 

(agglutinins) 

Blood that 
ean be 
reeeived 




None 


Anti-A 


Anti-B 


Anti-A 

Anti-B 


A, B, AB, 

O Llniversal 
reeipient 

B, O 


A, O 


O 

llniversal 

donor 


Th efirst such pregnaney usually results in the deliv- 
ery of a healthy baby. But because the mother is 
sensitized by Rh + antigens that have passed through 
the plaeenta into her bloodstream, she will form 
anti-Rh + antibodies unless treated with RhoGAM 
shortly after giving birth. RhoGAM is an immune 
semrn that prevents this sensitization and her subse- 
quent immune response. If she is not treated and 
beeomes pregnant again with an Rh + baby, her anti- 
bodies will eross through the plaeenta and destroy 
the baby’s RBCs, producing a eondition known as 
hemolytie disease ofthe neivborn. The baby is ane- 
mie and beeomes hypoxic and eyanotie (the skin 
takes on a blue east). Brain damage and even death 
may result unless fetal transfusions are done before 
birth to provide more RBCs for oxygen transport. 

Blood Typing 

The importanee of determining the blood group of 
both the donor and the reeipient before blood is 
transfused is glaringly obvious. The general proee- 
dure for determining ABO blood type is briefly 
outlined in Figiire 10 . 8 . Essentially, it involves test- 
ing the blood by mixing it with two different types 
of immune semm—anti-A and anti-B. Agglutination 


occurs when RBCs of a group A person are mixed 
with the anti-A semm but not when they are 
mixed with the anti-B semm. Likewise, RBCs of 
type B blood are clumped by anti-B semm but not 
by anti-A semm. Because it is eritieal that blood 
groups be eompatible, eross matehing is also done. 
Cross matehing involves testing for agglutination 
of donor RBCs by the reeipient’s semm and of the 
reeipient’s RBCs by the donor semm. Typing for 
the Rh faetors is done in the same manner as ABO 
blood typing. 


DID YOU GET IT r 

12. VVhat are the elasses of human blood groups 
based on? 

13. VVhat is the probable result of infusing mismatehed 
blood? 

14. Cary is bleeding profusely after being hit by a truck as 
he was pedaling his bike home. At the hospital, the 
nurse asked him whether he knew his blood type. He 
told her that he “had the same blood as most other 
people.” VVhat is his ABO blood type? 

15. VVhat is the differenee between an antigen and an 
antibody? 


For answers, see Appendix D. 
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Which blood types eart be transfused into a person with 
type B blood? 

Blood being tested Serum 

Anti-A Anti-B 


Agglutinated 

RBCs 


Type B (eontains 
antigen B; 
agglutinates with 
anti-B serum) 


Type A (eontains 
antigen A; 
agglutinates with 
anti-A serum) 


Type O (eontains 
no antigens; 
does not 
agglutinate with 
either serum) 

Figure 10.8 Blood typing of ABO blood groups. 

When serum eontaining anti-A or anti-B antibodies 
is added to a blood sample diluted with saline, 
agglutination will occur between the antibody and 
the eorresponding antigen (if present). 






Type AB (eontains 
antigens A and B; 
agglutinates with 
both sera) 




Developmental Aspeets 
of Blood 

Explain the basis of physiologie jaundice seen in some 
nevvborn babies. 

indieate blood disorders that inerease in frequency in 
the aged. 

In the young embryo, the entire circulatory system 
develops early. Before birth, there are many sites 
of blood eell formation—the fetal liver and spleen, 
among others—but by the seventh month of 


development, the fetus’s red marrow has beeome 
the ehief site of hematopoiesis, and it remains so 
throughout life. Generally, embryonie blood eells 
are circulating in the newly formed blood vessels 
by day 28 of development. Fetal hemoglobin (HbF) 
differs from the hemoglobin formed after birth. It 
has a greater ability to piek up oxygen, a eharae- 
teristie that is highly desirable because fetal blood 
is less oxygen rieh than that of the mother. After 
birth, fetal blood eells are gradually replaeed by 
RBCs that eontain the more typieal hemoglobin 
A (HbA). In situations in which the fetal RBCs are 
destroyed at such a rapid rate that the immature 
infant liver eannot rid the body of hemoglobin 
breakdown products in the bile fast enough, the 
infant beeomes janndieed (jawn'dist). This type of 
jaundice generally causes no major problems and 
is referred to as physiologie jaundice, to distin- 
guish it from more serious disease eonditions that 
result in jaundiced, or yellowed, tissues. 

HOMEOSTATIC IMBALANOE 

Various eongenital diseases result from 
genetie faetors (such as hemophilia and siekle eell 
anemia) and from interaetions with maternal 
blood faetors (such as hemolytie disease of the 
newborn). Dietary faetors ean lead to abnormali- 
ties in blood eell formation as well as hemoglobin 
production. iron-defieieney anemia is espeeially 
eommon in women because of their monthly 
blood loss during menses. The young and the old 
are particularly at risk for leukemia. 

With inereasing age, ehronie types of leukemias, 
anemias, and diseases involving undesirable elot 
formation are more prevalent. However, these 
are usually seeondary to disorders of the heart, 
blood vessels, or immune system. The elderly are 
particularly at risk for pernicious anemia because 
the stomaeh mucosa (which produces intrinsie 
faetor) atrophies with age. ) 



DID YOU GET IT 



16. Hovv does fetal hemoglobin differ from that of the 
adult? 

17. VVhat blood-related disorders are particularly eommon 
in the elderly? 

For answers, see Appendix D. 
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Summari/ 

Aeeess more review material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included below. 

iP = interaetive Physiology 

Oomposition and Functions of Blood 
(pp. 337-346) 

1. Blood is eomposed of a nonliving fluid matrix 
(plasma) and formed elements. It is searlet to dull 
red, depending on the amount of oxygen earried. 
Normal adult blood volume is 5 to 6 liters. 

2. Dissolved in plasma (primarily water) are nutri- 
ents, gases, hormones, wastes, proteins, salts, and 
so on. Plasma eomposition ehanges as body eells 
remove or add substances to it, but homeostatie 
meehanisms aet to keep it relatively eonstant. 
Plasma makes up 55 pereent of whole blood. 

3. Formed elements, the living blood eells that make 
up about 45 pereent of whole blood, include the 
following: 

a. Erythroeytes, or RBCs—dise-shaped, anucleate 
eells that transport oxygen bound to their hemo- 
globin molecules. Their life span is 100 to 120 
days. 

b. Leukocytes, or WBCs—amoeboid eells involved 
in proteeting the body. 

e. Platelets—eell fragments that aet in blood elotting. 

4. A deerease in oxygen-carrying ability of blood is 
anemia. Possible causes are deerease in number of 
functional RBCs or deerease in amount of hemo- 
globin they eontain. Polyeythemia is an excessive 
number of RBCs that may result from bone mar- 
row eaneer or a move to a loeation where less 
oxygen is available in the air (at high altitude, for 
example). 

5. Leukocytes are nucleated eells, elassed into two 
groups: 

a. Granulocytes include neutrophils, eosinophils, 
and basophils. 

b. Agranulocytes include monoeytes and lympho- 
eytes. 

6. When baeteria, vimses, or other foreign substances 
invade the body, WBCs inerease in number (leuko- 
eytosis) and fight them in various ways. 


7. An abnormal deerease in number of WBCs is 
leukopenia. An abnormal inerease in WBCs is seen 
in infectious mononucleosis and leukemia (eaneer 
of blood-forming bone marrow). 

8. All formed elements arise in red bone marrow 
from a eommon stem eell, the hemoeytoblast. 
However, their developmental pathways differ. 
The stimulus for hematopoiesis is hormonal (eryth- 
ropoietin in the ease of RBCs). 

Hemostasis (pp. 346-348) 

1. Stoppage of blood loss from an injured blood ves- 
sel, or hemostasis, involves three steps: vascular 
spasms, platelet plug formation, and blood elot 
formation. 

2. Hemostasis is started by a tear or intermption in 
the blood vessel lining. Vascular spasms and accu- 
rmilation of platelets at the site temporarily stop or 
slow blood loss. Platelet PF 3 and tissue faetor initi- 
ate the elotting easeade, leading to formation of 
fibrin threads. Fibrin traps RBCs as they flow past, 
forming the elot. 

3. Normally, elots are digested when a vessel has been 
permanently repaired. An attaehed elot that forms or 
persists in an unbroken blood vessel is a thrombus; 
a elot traveling in the bloodstream is an embolus. 

4. Abnormal bleeding may refleet a defieit of platelets 
(thromboeytopenia), genetie faetors (hemophilia), 
or inability of the liver to make elotting faetors. 

Blood Groups and Transfusions 

(pp. 348-352) 

1. Blood groups are elassified on the basis of proteins 
(antigens) on RBC membranes. Complementary 
antibodies may (or may not) be present in blood. 
Antibodies aet to agglutinate (clump) and lyse for- 
eign RBCs. 

2. The blood group most eommonly typed for is 
ABO. Type O is most eommon; least eommon is 
AB. ABO antigens are aeeompanied by preformed 
antibodies in plasma, which aet against RBCs that 
have “foreign” antigens. 

3. Rh faetor is found in most Amerieans. Rh _ people 
do not have preformed antibodies to Rh + RBCs 
but form them onee exposed to Rh + blood. 

Developmental Aspeets of Blood (p. 352) 

1. Congenital blood defeets include various types of 
hemolytie anemias and hemophilia. Ineompatibility 
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between maternal and fetal blood ean result in fetal 
eyanosis, resulting from destmetion of fetal blood 
eells. 

2. Fetal hemoglobin (HbF) binds more readily with 
oxygen than does HbA. 

3. Physiologie jaundice in a newborn refleets imma- 
turity of the infant’s liver. 

4. Leukemias are most eommon in the very young 
and very old. Older adults are also at risk for ane- 
mia and elotting disorders. 

Review Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. Which would lead to inereased erythropoiesis? 

a. ehronie bleeding ulcer 

b. Reduction in respiratory ventilation 
e. Deereased level of physieal aetivity 

d. Reduced blood flow to the kidneys 

2. Siekling of RBCs ean be induced in a person with 
siekle eell anemia by 

a. blood loss. e. stress. 

b. vigorous exercise. d. fever. 

3. A ehild is diagnosed with siekle eell anemia. This 
means that 

a. one parent had siekle eell anemia. 

b. one parent earried the siekle eell gene. 

e. both parents had siekle eell anemia. 

d. both parents earried the siekle eell gene. 

4. Polyeythemia vera will result in 

a. overproduction of WBCs. 

b. exceptionally high blood volume. 

e. abnormally high blood viseosity. 

d. abnormally low hematoerit. 

3. Which of the following is not typieal of leukocytes? 

a. Amoeboid movement 

b. Phagoeytie (some) 

e. Nucleated 

d. The most numerous eells in the bloodstream 

6. The leukocyte that releases histamine and other 
inflammatory ehemieals is the 

a. basophil. e. eosinophil. 

b. monoeyte. d. neutrophil. 


7. Which of the following formed elements are 
phagoeytie? 

a. Erythroeytes e. Monoeytes 

b. Neutrophils d. Lymphoeytes 

8. A eondition resulting from thromboeytopenia is 

a. thrombus formation. 

b. embolus formation. 
e. peteehiae. 

d. hemophilia. 

9. Which of the following ean cause problems in a 
transfusion reaetion? 

a. Donor antibodies attaeking reeipient RBCs 

b. elogging of small vessels by agglutinated clumps 
of RBCs 

e. Lysis of donated RBCs 

d. Bloekage of kidney tubules 

10. If an Rh _ mother beeomes pregnant, when ean 
hemolytie disease of the newborn not possibly 
occur in the ehild? 

a. If the ehild is Rh _ 

b. If the ehild is Rh + 

e. If the father is Rh + 

d. If the father is Rh _ 

11. Plasma without the elotting proteins is ealled 

a. serum. e. fibrin. 

b. whole blood. d. tissue faetor. 

12. Albumin 

a. is a blood buffer. 

b. helps maintain blood’s osmotie pressure. 

e. distributes body heat. 

d. transports eertain molecules. 

Short Ansvver Essay 

13. What is the blood volume of an average-sized adult? 

14. Name as many different eategories of substances 
earried in plasma as you ean. 

13. Define formed elements. Which eategory is most 
numerous? Which makes up the buffy eoat? 

16. Define anemia, and give three possible causes. 

17. Name the granular and agranular WBCs. Give the 
major function of eaeh type in the body. 

18. Name the formed elements that arise from myeloid 
stem eells. Name those arising from lymphoid stem 
eells. 
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19. What WBC type resides primarily in the tissues of 
the body? 

20. Deseribe the proeess of hemostasis. Indieate what 
starts the proeess. 

21. How ean liver dysfunction cause bleeding disorders? 

22. What are agghitinins? 

23. Name the four ABO blood groups. 

24. What is a transfusion reaetion? Why does it happen? 

23. Explain why an Rh _ person does not have a trans- 
fusion reaetion on the first exposure to Rh + blood. 
Why is there a transfusion reaetion the seeond time 
he or she reeeives the Rh + blood? 

26. If you had a high hematoerit, would you expect 
your hemoglobin determination to be high or low? 
Why? 

Critical Thinking and 
dinieal Applieation 
Questions 

27. A patient on renal dialysis has a low RBC count. 
What hormone, seereted by the kidney, ean be 
assumed to be defieient? 

28. A bone marrow biopsy of Mr. Bongalonga, a man 
on a long-term dmg therapy, shows an abnormally 
high pereentage of nonhematopoietie eonneetive 
tissue. What eondition does this indieate? If the 
symptoms are eritieal, what short-term and long- 
term treatments are indieated? Will infusion of 
whole blood or paeked red eells be more likely? 


29. A woman eomes to the elinie eomplaining of 
fatigue, shortness of breath, and ehills. Blood tests 
show anemia, and a bleeding ulcer is diagnosed. 
What type of anemia is this? 

30. A patient is diagnosed with bone marrow eaneer 
and has a hematoerit of 70 pereent. What is this 
eondition ealled? 

31. A middle-aged eollege professor from Boston is in 
the Swiss Alps studying astronomy. He arrived two 
days ago and plans to stay the entire year. 
However, he notiees that he is short of breath 
when he walks up steps and that he tires easily 
with any physieal aetivity. His symptoms gradually 
disappear; after two months, he feels fine. Upon 
returning to the United States, he has a eomplete 
physieal exam and is told that his erythroeyte count 
is higher than normal. (a) Attempt to explain this 
finding. (b) Will his RBC count remain at this 
higher-than-normal level? Why or why not? 

32. Why is someone more likely to bleed to death 
when an artery is eleanly severed than when it is 
emshed and torn? 

33. Explain how fetal hemoglobin, HbF, enhanees oxy- 
gen transfer aeross the plaeenta from the mother to 
the fetus. 

34. Jenny, a healthy young woman, had a battery of 
tests during a physieal for a new job. Her RBC 
count was at the higher end of the normal range at 
that time, but four weeks later it was substantially 
elevated beyond that. When asked if any circum- 
stanees had ehanged in her life, she admitted to 
taking up smoking. How might her new habit 
explain her higher RBC count? 










The Cardiovascular 
System 


FHNlTION PRFl/IEM/ 

I The heart pumps blood. 

I Blood vessels provide the conduits within which blood circulates to all body tissues. 


IÁ/hen most people hear the term cardiovascular 

system , they immediately think of the heart. We 
have all felt our own heart “pound” from time to 
time, and we tend to get a bit nervous when this 
happens. The emeial importanee of the heart has 
been reeognized for ages. However, the eardio- 
vascular system is much more than just the 
heart, and from a seientifie and medieal stand- 
point, it is important to understand why this sys- 
tem is so vital to life. 

The almost continuous traffie into and out of 
a busy faetory at rush hour occurs at a snail’s 
paee eompared to the endless aetivity going on 
within our bodies. Night and day, minute after 


minute, our trillions of eells take up nutrients 
and excrete wastes. Although the paee of these 
exchanges slows during sleep, they must go on 
continuously, because when they stop we die. 
Cells ean make such exchanges only with the tis- 
sue fluid in their immediate vieinity. Thus, some 
means of ehanging and “refreshing” these flmds 
is neeessary to renew the nutrients and prevent 
pollution caused by the buildup of wastes. Like 
the bustling faetory, the body must have a trans- 
portation system to earry its various “eargos” 
baek and forth. Instead of roads, railway traeks, 
and airways, the body’s delivery routes are its 
hollow blood vessels. 
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Most simply stated, the major function of the 
cardiovascular system is transportation. Using 
blood as the transport vehiele, the system earries 
oxygen, nutrients, eell wastes, hormones, and 
many other substances vital for body homeostasis 
to and from the eells. The foree to move the blood 
around the body is provided by the beating heart 
and by blood pressure. 

The cardiovascular system ean be eompared to 
a muscular pump equipped with one-way valves 
and a system of large and small plumbing tubes 
within which the blood travels. We discussed 
blood (the substance transported) in ehapter 10. 
Here we will eonsider the heart (the pump) and 
the blood vessels (the network of tubes). 

The Heart 

Anatomy of the Heart 

Deseribe the loeation of the heart in the body, and 

identify its major anatomieal areas on an appropriate 

model or diagram. 

Size, Loeation, and Orientation 

The modest size and weight of the heart give few 
hints of its ineredible strength. Approximately the 
size of a person’s fist, the hollow, eone-shaped heart 
weighs less than a pound. Snugly enelosed within 
the inferior mediastinum (me"de-ah-sti'num), the 
medial eavity of the thorax, the heart is flanked on 
eaeh side by the lungs (Figure 11.1). Its more 
pointed apex is direeted toward the left hip and 
rests on the diaphragm, approximately at the level 
of the fifth intereostal spaee. (This is exactly where 
one would plaee a stethoseope to count the heart 
rate for an apieal pulse.) Its broad posterosuperior 
aspeet, or base, from which the great vessels of 
the body emerge, points toward the right shoulder 
and lies beneath the seeond rib. 

Ooverings and Walls of the Heart 

The heart is enelosed by a double-walled sae ealled 
the pericardium (per'i-kar"de-um). The loosely 
fitting superficial part of this sae is referred to as 
the fibrous pericardium. This fibrous layer helps 
proteet the heart and anehors it to surrounding 
structures, such as the diaphragm and sternum. 
Deep to the fibrous pericardium is the slippery, 
two-layer serous pericardium. Its parietal layer 
lines the interior of the fibrous pericardium. At the 


superior aspeet of the heart, this parietal layer 
attaehes to the large arteries leaving the heart and 
then makes a U-turn and continues inferiorly over 
the heart surface as the viseeral layer, or 
epicardium, which is actually part of the heart 
wall (Figure 11.2). A slippery hibrieating fluid 
(serous fluid) is produced by the serous periear- 
dial membranes. This fluid allows the heart to beat 
easily in a relatively frietionless environment as 
the serous perieardial layers slide smoothly aeross 
eaeh other. 

HOMEOSTATIC IMBALANOE 

Inflammation of the pericardium, 
periearditis (per'T-kar-di'tis), often results in a 
deerease in the serous fluid. This causes the peri- 
eardial layers to bind and stiek to eaeh other, 
forming painful adhesions that interfere with heart 
movements. ) 

The heart walls are eomposed of three layers: 
the outer epieardinm (the viseeral pericardium 
deseribed above), the myoeardinm, and the inner- 
most endocardium (Figure 11.2). The myocardium 
(mi"o-kar'de-um) eonsists of thiek bundles of 
eardiae muscle twisted and whorled into ringlike 
arrangements (see Figure 6.2b, p. 184). It is 
the layer that actually eontraets. Its eells exhibit 
both tight junctions, which strongly bind the 
mobile eardiae eells together, and gap junctions, 
which allow ions to flow from eell to eell earrying 
a wave of excitement aeross the heart. The 
myocardium is reinforeed internally by a dense, 
fibrous eonneetive tissue network ealled the 
“skeleton of the heart.” The endocardium 
(en"do-kar'de-um) is a thin, glistening sheet of 
endothelium that lines the heart ehambers. It is 
continuous with the linings of the blood vessels 
leaving and entering the heart. Figure 11.3 shows 
two views of the heart—an external anterior view 
and a frontal seetion. As the anatomieal areas of 
the heart are deseribed in the next seetion, keep 
referring to Figure 11.3 to loeate eaeh of the heart 
structures or regions. 

ehambers and Assoeiated Great Vessels 

Traee the pathvvay of blood through the heart. 

Oompare the pulmonary and systemie circuits. 

The heart has four hollow ehambers, or eavities— 
two atria (a'tre-ah; singular atrium ) and two 
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Figure 11-1 Loeation of the heart within the thorax. (a) Relationship of the heart 
to the sternum and ribs. (b) Cross-sectional view showing relative position of the heart in 
the thorax. (e) Relationship of the heart and great vessels to the lungs. 


ventrieles (ven'trì-kulz). Eaeh of these ehambers 
is lined with endocardium, which helps blood 
flow smoothly through the heart. The superior 
atria are primarily reeeiving ehambers. As a mle, 
they are not important in the pumping aetivity of 
the heart. Blood flows into the atria under low 
pressure from the veins of the body and then eon- 
tinues on to fill the ventrieles. The inferior, thiek- 
walled ventrieles are the diseharging ehamhers, or 
actual pumps of the heart. When they eontraet, 


blood is propelled out of the heart and into the 
circulation. As illustrated in Figure 11.3a, the right 
ventriele forms most of the heart’s anterior surface; 
the left ventriele forms its apex. The septum that 
divides the heart longitudinally is referred to as 
either the interventricular septum or the 
interatrial septum, depending on which eham- 
ber it separates. 

Although it is a single organ, the heart func- 
tions as a double pump. The right side works as 
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Figure 11.2 Heart wall and eoverings 
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Figure 11.3 Gross anatomy of the heart. 
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(b) Frontal seetion showing interior ehambers and valves. 
Figure 11 -3 (continued) Gross anatomy of the heart. 


the pulmonary circuit pump. It reeeives relatively 
oxygen-poor blood from the veins of the body 
through the large superior and inferior venae 
eavae (ka've) and pumps it out through the 
pulmonary trunk. The pulmonary tmnk splits 
into the right and left pulmonary arteries, which 
earry blood to the lungs, where oxygen is pieked 
up and earbon dioxide is unloaded. Oxygen-rich 
blood drains from the lungs and is returned to the 
left side of the heart through the four pulmonary 
veins. The circulation just deseribed, from the 
right side of the heart to the lungs and baek to the 
left side of the heart, is ealled the pulmonary eir- 
culation (Figure 11.4). Its only function is to earry 
blood to the lungs for gas exchange and then 
return it to the heart. 

Blood returned to the left side of the heart is 
pumped out of the heart into the aorta (a-or'tah), 
from which the systemie arteries braneh to supply 
essentially all body tissues. Oxygen-poor blood 
circulates from the tissues baek to the right atrium 


via the systemie veins, which finally empty their 
eargo into either the superior or inferior vena 
eava. This seeond circuit, from the left side of the 
heart through the body tissues and baek to the 
right side of the heart, is ealled the systemie eir- 
culation (see Figure 11.4). It supplies oxygen- 
and nutrient-rich blood to all body organs. Be- 
cause the left ventriele is the systemie pump that 
pumps blood over a much longer pathway through 
the body, its walls are substantially thieker than 
those of the right ventriele (Figure 11.5), and it is 
a much more powerful pump. 


DID YOU GET IT 



1. VVhat is the loeation of the heart in the thorax? 

2 . VVhieh heart ehamber has the thiekest walls? VVhat is 
the fiinetional signifieanee of this structural differenee? 

3. How does the function of the systemie circulation 
differ from that of the pulmonary circulation? 

For answers, see Appendix D. 
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Figure 11.4 The systemie and piilmonary 
círculations. The left side of the heart is the systemie 
pump; the right side is the pulmonary circuit pump. 
(Although there are two pulmonary arteries, one eaeh to 
the right and left lung, for simplieity only one is shown.) 


Heart Valves 

Explain the operation of the heart valves. 

The heart is equipped with four valves, which 
allow blood to flow in only one direetion through 
the heart ehambers—from the atria through the 
ventrieles and out the great arteries leaving the 
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Figure 11.5 Anatomieal differenees in right 
and left ventrieles. The left ventriele has a thieker 
wall, and its eavity is basieally circular. The right 
ventriele eavity is ereseent-shaped and wraps around 
the left ventriele. 


heart (see Figure 11.3b). The atrioventricular 
(a"tre-o-ven-trik'u-lar), or AV, valves are loeated 
between the atrial and ventricular ehambers on 
eaeh side. These valves prevent backflow into 
the atria when the ventrieles eontraet. The left 
AV valve—the bicuspid, or mitral (mi'tral), 
valve —eonsists of two flaps, or cusps, of endo- 
cardium. The right AV valve, the tricuspid valve, 
has three flaps. Tiny white eords, the ehordae 
tendineae (kor'de ten-din'e)—literally, “tendi- 
nous eords” (but I like to think of them as the 
“heart strings” of song)—anehor the flaps to 
the walls of the ventrieles. When the heart is 
relaxed and blood is passively filling its eham- 
bers, the AV valve flaps hang limply into the ven- 
trieles (Figure 11.6a). 

As the ventrieles eontraet, they press on the 
blood in their ehambers, and the intraventricular 
pressure (pressure inside the ventrieles) begins to 
rise. This forees the AV valve flaps upward, elosing 
the valves. At this point the ehordae tendineae are 
working to anehor the flaps in a elosed position. 
If the flaps were unanchored, they would blow 
upward into the atria like an umbrella being 
turned inside out by a gusty wind. In this manner, 
the AV valves prevent backflow into the atria when 
the ventrieles are eontraeting. 
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(a) Operation of the AV valves 
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Figure 11.6 Operation of the heart valves. (a) Atrioventricular (AV) valves. 
(b) Semilunar valves. 
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The seeond set of valves, the semilunar 
(sem"e-lu'nar) valves, guards the bases of the two 
large arteries leaving the ventricular ehambers. 
Thus, they are known as the pulmonary and 
aortie semilunar valves (see Figure 11.3b). Eaeh 
semilunar valve has three leaflets that fit tightly 
together when the valves are elosed. When the 
ventrieles are eontraeting and foreing blood out of 
the heart, the leaflets are foreed open and flat- 
tened against the walls of the arteries by the 
tremendous foree of mshing blood (Figure 11.6b). 
Then, when the ventrieles relax, the blood begins 
to flow backward toward the heart, and the 
leaflets fill with blood, elosing the valves. This pre- 
vents arterial blood from reentering the heart. 

Eaeh set of valves operates at a different time. 
The AV valves are open during heart relaxation 
and elosed when the ventrieles are eontraeting. 
The semilunar valves are elosed during heart 
relaxation and are foreed open when the ventri- 
eles eontraet. As they open and elose in response 
to pressure ehanges in the heart, the valves foree 
blood to continually move forward in its journey 
through the heart. 

HOMEOSTATIC IMBALANCE 

Heart valves are basieally simple 
deviees, and the heart—like any meehanieal 
pump—ean hanetion with “leaky” valves as long as 
the damage is not too great. However, severely 
deformed valves ean seriously hamper eardiae 
function. For example, an ineompetent valve 
forees the heart to pump and repump the same 
blood because the valve does not elose properly 
and blood backflows. In valvular stenosis, the 
valve flaps beeome stiff, often because of repeated 
baeterial infeetion of the endocardium (endo- 
earditis). This forees the heart to eontraet more 
vigorously than normal. In eaeh ease, the heart’s 
workload inereases, and ultimately the heart 
weakens and may fail. Under such eonditions, 
the faulty valve is replaeed with a synthetie valve, 
a eryopreserved human valve, or a ehemieally 
treated valve taken from a pig heart. ) 

Cardiac Circulation 

Name the functional blood supply of the heart. 

Although the heart ehambers are bathed with 
blood almost continuously, the blood eontained in 
the heart does not nourish the myocardium. The 



functional blood supply that oxygenates and nour- 
ishes the heart is provided by the right and left 
eoronary arteries. The eoronary arteries braneh 
from the base of the aorta and eneirele the heart in 

the eoronary sulcus (atrioventricular groove) 

at the junction of the atria and ventrieles (see 
Figure 11.3a). The eoronary arteries and their 
major branehes (the anterior interventricular 
and circumflex arteries on the left, and the 
posterior interventricular and marginal arter- 
ies on the right) are eompressed when the ventri- 
eles are eontraeting and fill when the heart is 
relaxed. The myocardium is drained by several 
eardiae veins, which empty into an enlarged 
vessel on the posterior of the heart ealled the 
eoronary sinus. The eoronary sinus, in turn, 
empties into the right atrium. 

HOMEOSTATIC IMBALANCE 

When the heart beats at a very rapid 
rate, the myocardium may reeeive an inadequate 
blood supply because the relaxation periods 
(when the blood is able to flow to the heart tissue) 
are shortened. Situations in which the myocardium 
is deprived of oxygen often result in emshing 
ehest pain ealled angina peetoris (an-ji'nah 
pek'tor-is). This pain is a warning that should 
never be ignored, because if angina is prolonged 
the oxygen-deprived heart eells may die, forming 
an infaret. The resulting myoeardial infaretion 
(in-fark'shun) is eommonly ealled a “heart attaek” 
or “eoronary.” ) 

DID YOU GET IT 

4. Why are the heart valves important? 

5. Why might a thrombus in a eoronary artery cause 
sudden death? 

For answers, see Appendix D. 

Physiology of the Heart 

As the heart beats, or eontraets, the blood makes 
continuous round-trips—into and out of the heart, 
through the rest of the body, and then baek to the 
heart—only to be sent out again. The amount of 
work that a heart does is almost too ineredible to 
believe. In one day it pushes the body’s supply of 
6 quarts or so of blood (6 liters [L]) through the 
blood vessels over 1000 times, meaning that it 
actually pumps about 6000 quarts of blood in a 
single day! 
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Figiire 11.7 The intrinsie conduction system of the heart. The depolarization 
wave initiated by the sinoatrial (SA) node passes successively through the atrial 
myocardium to the atrioventricular (AV) node, the AV bundle, the right and left bundle 
branehes, and the Purkinje fibers in the ventricular walls. 


intrinsie Conduction System of the Heart: 
Setting the Basie Rhythm 

Name the elements of the intrinsie conduction system 
of the heart, and deseribe the pathvvay of impulses 
through this system. 

Explain vvhat information ean be gained from an 
eleetroeardiogram. 

What makes the heart beat? Unlike skeletal muscle 
eells, which must be stimulated by nerve impulses 
before they will eontraet, eardiae muscle eells ean 
and do eontraet spontaneously and independently, 
even if all nervous eonneetions are severed. 
Moreover, these spontaneous eontraetions occur 
in a regular and continuous way. Although eardiae 
muscle ean beat independently, the muscle eells 
in different areas of the heart have different 
rhythms. The atrial eells beat about 60 times per 
minute, but the ventricular eells eontraet more 
slowly (20-40/min). Therefore, without some type 
of unifying eontrol system, the heart would be an 
uncoordinated and ineffieient pump. 

Two systems aet to regulate heart aetivity. One 
of these involves the nerves of the autonomic ner- 


vous system, which aet like brakes and aeeelerators 
to deerease or inerease the heart rate depending 
on which division is aetivated. We eonsider this 
topie later (see p. 368). The seeond system is 
the intrinsie conduction system, or nodal 
system, that is built into the heart tissue (Figure 
11.7) and sets its basie rhythm. The intrinsie eon- 
duction system is eomposed of a speeial tissue 
found nowhere else in the body; it is much like a 
eross between muscle and nervous tissue. This 
system causes heart muscle depolarization in only 
one direetion—from the atria to the ventrieles. In 
addition, it enforees a eontraetion rate of approxi- 
mately 75 beats per minute on the heart; thus, the 
heart beats as a eoordinated unit. 

One of the most important parts of the intrin- 
sie conduction system is a ereseent-shaped node 
of tissue ealled the sinoatrial (si"no-a'tre-al) (SA) 
node, loeated in the right atrium. Other eompo- 
nents include the atrioventricular (AV) node 
at the junction of the atria and ventrieles, the 
atrioventricular (AV) bundle (bundle of His) 
and the right and left bundle branehes loeated in 
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the interventricular septiim, and finally the Purkinje 
(pur-kin'je) fibers, which spread within the muscle 
of the ventriele walls. 

The SA node is a tiny eell mass with a mammoth 
job. Because it has the highest rate of depolarization 
in the whole system, it starts eaeh heartbeat and sets 
the paee for the whole heart. Consequently, the SA 
node is often ealled the paeemaker. From the 
SA node, the impulse spreads through the atria to 
the AV node, and then the atria eontraet. At the AV 
node, the impulse is delayed briefly to give the atria 
time to finish eontraeting. It then passes rapidly 
through the AV bundle, the bundle branehes, and 
the Purkinje fibers, resulting in a “wringing” eontrae- 
tion of the ventrieles that begins at the heart apex 
and moves toward the atria. This eontraetion effee- 
tively ejeets blood superiorly into the large arteries 
leaving the heart. “A Closer Look” on p. 367 de- 
seribes eleetroeardiography, the elinieal procedure 
for mapping the eleetrieal aetivity of the heart. 

HOMEOSTATIC IMBALANCE 

Because the atria and ventrieles are 
separated from one another by a insulating” eon- 
neetive tissue, which is part of the fibrous skeleton 
of the heart, depolarization waves ean reaeh the 
ventrieles only by traveling through the AV node. 
Thus, any damage to the AV node ean partially or 
totally release the ventrieles from the eontrol of 
the SA node. When this occurs, the ventrieles 
(thus the heart) begin to beat at their own rate, 
which is much slower, some or all of the time. 
This eondition is ealled heart bloek. 

There are other eonditions that ean interfere 
with the regular conduction of impulses aeross the 
heart—for example, damage to the SA node results 
in a slower heart rate. When this is a problem, arti- 
fieial paeemakers are usually installed surgically. 

isehemia (is-ke'me-ah), or laek of an ade- 
quate blood supply to the heart muscle, may lead 
to fìbrillation —a rapid, uncoordinated shudder- 
ing of the heart muscle (it looks like a bag of 
worms). Fibrillation makes the heart totally useless 
as a pump and is a major cause of death from 
heart attaeks in adults. Some restaurants train their 
employees in the use of on-site defibrillators, 
which has proven to be lifesaving in many eases. ) 

Taehyeardia (tak"e-kar'de-ah) is a rapid heart 
rate (over 100 beats per minute). Bradyeardia 
(brad"e-kar'de-ah) is a heart rate that is substan- 


tially slower than normal (less than 60 beats per 
minute). Neither eondition is pathologieal, but 
prolonged taehyeardia may progress to fibrillation. 

Cardiac Cycle and Heart Sounds 

Define systole, diastole, stroke volume, eardiae eyele, 
heart sounds, and murmur. 

In a healthy heart, the atria eontraet simultane- 
ously. Then, as they start to relax, eontraetion of 
the ventrieles begins. Systole (sis'to-le) and 
diastole (di-as'to-le) mean heart eontraetion and 
relaxation, respeetively. Because most of the 
pumping work is done by the ventrieles, these 
terms always refer to the eontraetion and relax- 
ation of the ventrieles unless otherwise stated. 

The term eardiae eyele refers to the events 
of one eomplete heartbeat, during which both 
atria and ventrieles eontraet and then relax. The 
average heart beats approximately 75 times per 
minute, so the length of the eardiae eyele is nor- 
mally about 0.8 seeond. We will eonsider the ear- 
diae eyele in terms of events occurring during 
three periods— mid-to-late diastole, ventricular 
systole, and early diastole (Figure 11.8). 

0 Mid-to-late diastole. Our discussion begins 
with the heart in eomplete relaxation. At this 
point, the pressure in the heart is low, and 
blood is flowing passively into and through the 
atria into the ventrieles from the pulmonaiy 
and systemie circulations. The semilunar valves 
are elosed, and the AV valves are open. Then 
the atria eontraet and foree the blood remain- 
ing in their ehambers into the ventrieles. 

@ Ventricular systole. Shortly after, ventricular 
eontraetion (systole) begins, and the pressure 
within the ventrieles inereases rapidly, elosing 
the AV valves. When the intraventricular pres- 
sure (pressure in the ventrieles) is higher than 
the pressure in the large arteries leaving the 
heart, the semilunar valves are foreed open, and 
blood mshes through them out of the ventrieles. 
During ventricular systole, the atria are relaxed, 
and their ehambers are again filling with blood. 

@ Early diastole. At the end of systole, the ventri- 
eles relax, the semilunar valves snap shut 
(preventing backfiow), and for a moment the 
ventrieles are eompletely elosed ehambers. 
During early diastole, the intraventricular pres- 
sure drops. When it drops below the pressure in 
the atria (which has been inereasing as blood 
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Are the ventricular eardiae eells eontraeting Isometrieally or Isotonieally during 
the first part ofphase 2? 


Left atriiim — 
Right atrium — 

Left ventriele - 
Right ventriele 




Ventricular Atrial 

filling eontraetion 



lsovolumetric Ventricular 
eontraetion phase ejeetion phase 



lsovolumetric 

relaxation 


© 

Mid-to-late diastole 
(ventricular filling) 


© ® 

Ventricular systole Early diastole 

(atria in diastole) 


Figure 11.8 Siimmary of events occurring during the eardiae eyele. Small 
blaek arrovvs indieate the regions of the heart that are eontraeting; thiek red and blue 
arrovvs indieate direetion of blood flovv. During the isovolumetric (literally “same volume 
measurement”) phases in periods 2 and 3, the ventrieles are elosed ehambers and the 
volume of blood they eontain is unchanging. 


has been filling their ehambers), the AV valves 
are foreed open, and the ventrieles again begin 
to refill rapidly with blood, eompleting the eyele. 

When using a stethoseope, you ean hear two 
distinet sounds during eaeh eardiae eyele. These 
heart sounds are often deseribed by the two sylla- 
bles “lub” and a dup,” and the sequence is lub-dup, 
pause, lub-dup, pause, and so on. The first heart 
sound (lub) is caused by the elosing of the AV 
valves. The seeond heart sound (dup) occurs when 
the semilunar valves elose at the end of systole. The 
first heart sound is longer and louder than the see- 
ond heart sound, which tends to be short and sharp. 


derly people) with perfeetly healthy hearts, probably 
because their heart walls are relatively thin and 
vibrate with mshing blood. However, murmurs in 
patients who do not fall into either of these groups 
most often indieate valve problems. For example, if 
a valve does not elose tightly (is ineompetent ), a 
swishing sound will be heard after that valve has 
(supposedly) elosed, as the blood flows baek 
through the partially open valve. Distinet sounds 
also ean be heard when blood flows turbulently 
through stenosed (narrowed) valves. ) 


DID YOU GET IT 



HOMEOSTATIC IMBALANOE 

Abnormal or unusual heart sounds are 
ealled heart murmurs. Blood flows silently as 
long as the fiow is smooth and uninterrupted. If it 
strikes obstmetions, its flow beeomes turbulent and 
generates sounds, such as heart murmurs, that ean 
be heard with a stethoseope. Heart murmurs are 
fairly eommon in young ehildren (and some el- 



6 . What is the fmetion of the intrinsie eondiietion system 
of the heart? 

7. To vvhieh heart ehambers do the terms systole and 
diastole usually apply? 

8 . What causes the lub-dup sounds heard with a 
stethoseope? 

For answers, see Appendix D. 
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Eleetroeardiography: (Dont) Be Still My Heart 
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An eleetroeardiogram traeing shovving the three 
normally reeognizable defleetion waves—P, QRS, 
and T. 


When impulses pass through 
the heart, eleetrieal currents are 
generated that spread throughout 
the body. These impulses ean be 
deteeted on the body surface and 
reeorded with an eleetroeardiograph. 
The reeording that is made, the 
eleetroeardiogram (ECG), traees 
the flow of current through the heart. 
The illustration shows a normal ECG 
traeing. 

The typieal ECG has three 
reeognizable waves. The first wave, 
the P wave, is small and signals the 
depolarization of the atria immediately 
before they eontraet. The large QRS 
complex, which results from the 
depolarization of the ventrieles, has a 
eomplieated shape. It preeedes the 
eontraetion of the ventrieles. The 
T wave results from currents flowing 
during the repolarization of the 
ventrieles. (Atrial repolarization is 
generally hidden by the large QRS 
complex, which is being reeorded at 
the same time.) 

Abnormalities in the shape of the 
waves and ehanges in their timing 
send signals that something may be 


wrong with the intrinsie conduction 
system, or they may indieate a 
myoeardial infaret (present or past). 
A myoeardial infaret is an area of 
heart tissue in which the eardiae 


eells have died; it is generally a result 
of isehemia. During fibrillation, the 
normal pattern of the ECG is totally 
lost, and the heart eeases to aet as a 
functioning pump. 


Cardiac Output 

Deseribe the effeet of eaeh of the following on heart 
rate: stimulation by the vagus nerve, exercise, 
epinephrine, and various ions. 

Cardiac output (CO) is the amount of blood 
pumped out by eaeh side of the heart (actually 


eaeh ventriele) in 1 minute. It is the product of the 
heart rate (HR) and the stroke volume (SV). 

Stroke volrnne is the volrnne of blood pumped out 
by a ventriele with eaeh heartbeat. In general, 
stroke volume inereases as the foree of ventricular 
eontraetion inereases. If we use the normal resting 
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values for heart rate (75 beats per minute) and 
stroke volume (70 ml per beat), the average adult 
eardiae output ean be easily figured: 

CO = HR (75 beats/min) X SV (70 ml/beat) 

CO = 5250 ml/min 

The normal adult blood volume is about 6000 ml, 
so the entire blood supply passes through the 
body onee eaeh minute. Cardiac output varies 
with the demands of the body. It rises when the 
stroke volume is inereased or the heart beats faster 
or both; it drops when either or both of these fae- 
tors deerease. Let’s take a look at how stroke vol- 
ume and heart rate are regulated. 

Regiilation of Stroke Vohime A healthy heart 

pumps out about 60 pereent of the blood present in 
its ventrieles. As noted above, this is approximately 
70 ml (about 2 ounces) with eaeh heartbeat. 
Aeeording to Starling’s law of the heart, the eritieal 
faetor eontrolling stroke volume is how much the 
eardiae muscle eells are stretehed just before they 
eontraet. The more they are stretehed, the stronger 
the eontraetion will be. The important faetor streteh- 
ing the heart muscle is venous return, the amount of 
blood entering the heart and distending its ventri- 
eles. If one side of the heart suddenly begins to 
pump more blood than the other, the inereased 
venous return to the opposite ventriele will foree it 
to pump out an equal amount, thus preventing 
backup of blood in the circulation. 

Anything that inereases the volume or speed 
of venous return also inereases stroke volume and 
foree of eontraetion (Figure 11.9). For example, a 
slow heartbeat allows more time for the ventrieles 
to fill. Exercise speeds venous return because it 
results in inereased heart rate and foree. The 
enhaneed squeezing aetion of aetive skeletal mus- 
eles on the veins returning blood to the heart, the 
so-ealled muscular pump, also plays a major role 
in inereasing the venous return. In eontrast, low 
venous return, such as might result from severe 
blood loss or an extremely rapid heart rate, 
deereases stroke volume, causing the heart to beat 
less forcefully. 

Faetors Modifying Basie Heart Rate in healthy peo- 

ple, stroke volume tends to be relatively eonstant. 
However, when blood volume drops suddenly or 
when the heart has been seriously weakened, 
stroke volume deelines, and eardiae output is 


maintained by a faster heartbeat. Although heart 
eontraetion does not depend on the nervous sys- 
tem, its rate ean be ehanged temporarily by the 
autonomic nerves. Indeed, the most important 
external infhienee on heart rate is the aetivity of 
the autonomic nervous system. Heart rate is also 
modified by various ehemieals, hormones, and 
ions. Some of these faetors are summarized in 
Figure 11.9, and several are discussed next. 

1. Neural (ANS) eontrols. During times of 
physieal or emotional stress, the nerves of the 
sympathetie division of the autonomic nervous 
system more strongly stimulate the SA and AV 
nodes and the eardiae muscle itself. As a 
result, the heart beats more rapidly. This is a 
familiar phenomenon to anyone who has ever 
been frightened or has had to mn to eateh a 
bus. As fast as the heart pumps under ordinaiy 
eonditions, it really speeds up when speeial 
demands are plaeed on it. Because a faster 
blood flow inereases the rate at which fresh 
blood reaehes body eells, more oxygen and 
glucose are made available to them during 
periods of stress. When demand deelines, the 
heart adjusts. Parasympathetie nerves, primar- 
ily the vagus nerves, slow and steady the 
heart, giving it more time to rest during non- 
erisis times. In patients with eongestive heart 
failnre, a eondition in which the heart is 
nearly a worn out” because of age, hyperten- 
sive heart disease, or another pathologieal 
proeess, the heart pumps weakly. For those 
patients, the dmg digitalis is routinely pre- 
seribed. It enhanees eontraetile foree and 
stroke volume of the heart, resulting in greater 
eardiae output. 

2. Hormones and ions. Various hormones and 
ions ean have a dramatie effeet on heart aetiv- 
ity. Epinephrine, which mimies the effeet of 
the sympathetie nerves and is released in 
response to sympathetie nerve stimulation, 
and thyroxine both inerease heart rate. 
Eleetrolyte imbalanees pose a real threat to the 
heart. For example, reduced levels of ionie eal- 
cium in the blood depress the heart, whereas 
excessive blood calcium causes such pro- 
longed eontraetions that the heart may stop 
entirely. Either excess or laek of needed ions 
such as sodium and potassium also modifies 
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Figure 11.9 lnfluence of seleeted faetors on eardiae output. 


heart aetivity. A defieit of potassium ions in the 
blood, for example, causes the heart to beat 
feebly, and abnormal heart rhythms appear. 

3. Physieal faetors. A number of physieal fae- 
tors, including age, gender, exercise, and body 
temperature, influence heart rate. Resting heart 
rate is fastest in the fetus (140-160 beats per 
minute) and then gradually deereases through- 
out life. The average heart rate is faster in 
females (72-80 beats per minute) than in males 
(64-72 beats per minute). Heat inereases heart 
rate by boosting the metabolie rate of heart 
eells. This explains the rapid, pounding heart- 
beat you feel when you have a high fever and 
accounts in part for the effeet of exercise on 
heart rate (remember, working muscles gener- 
ate heat). Cold has the opposite effeet; it 
direetly deereases heart rate. As noted above, 


exercise aets through nervous system eontrols 
(sympathetie division) to inerease heart rate 
(and also, through the aetion of the muscular 
pump, to inerease stroke volume). 

^ HOMEOSTATIC IMBALANCE 

1 The pumping aetion of the healthy 
heart maintains a balanee between eardiae output 
and venous return. But when the pumping effi- 
eieney of the heart is depressed so that circulation 
is inadequate to meet tissue needs, eongestive 
heart failure (CHF) occurs. Congestive heart fail- 
ure is usually a progressive eondition that refleets 
weakening of the heart by eoronary atheroselero- 
sis (elogging of the eoronary vessels with fatty 
buildup), persistent high blood pressure, or multiple 
myoeardial infaretions (leading to repair with non- 
eontraeting sear tissue). 
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Because the heart is a double pump, eaeh side 
ean fail independently of the other. If the left heart 
fails, pulmonary eongestion occurs. The right side 
of the heart continues to propel blood to the 
lungs, but the left side is unable to ejeet the 
returning blood into the systemie circulation. As 
blood vessels within the lungs beeome swollen 
with blood, the pressure within them inereases, 
and fluid leaks from the circulation into the lung 
tissue, causing pulmonary edema. If untreated, 
the person suffocates. 

If the right side of the heart fails, peripheral 
eongestion occurs as blood baeks up in the sys- 
temie circulation. Edema is most notieeable in the 
distal parts of the body: The feet, ankles, and fin- 
gers beeome swollen and puffy. Failure of one 
side of the heart puts a greater strain on the oppo- 
site side, and eventually the whole heart fails. ) 


DID YOU GET IT 



9. VVhat does the term eardiae output mean? 

10. VVhat would you expect to happen to the heart rate of 
an individual vvith a fever? VVhy? 

11. VVhat is the most important faetor affeeting stroke 
volume? 


For answers, see Appendix D. 


Blood Vessels 

Compare and eontrast the structure and function of 

arteries, veins, and eapillaries. 

Blood circulates inside the blood vessels, which 
form a elosed transport system, the so-ealled 
vascular system. The idea that blood circulates, 
or “makes rounds,” through the body is only about 
300 years old. The aneient Greeks believed that 
blood moved through the body like an oeean tide, 
first moving out from the heart and then ebbing 
baek to it in the same vessels to get rid of its impu- 
rities in the lungs. It was not until the seventeenth 
century that William Harvey, an English physieian, 
proved that blood did, in faet, move in eireles. 

Like a system of roads, the vascular system has 
its freeways, seeondary roads, and alleys. As the 
heart beats, it propels blood into the large 
arteries leaving the heart. Blood then moves into 
successively smaller and smaller arteries and then 
into the arterioles (ar-ter'e-ólz), which feed the 


eapillary (kap'i-lar"e) beds in the tissues. 
Capillary beds are drained by venules (ven'ulz), 
which in turn empty into veins that finally empty 
into the great veins (venae eavae) entering the 
heart. Thus arteries, which earry blood away from 
the heart, and veins, which drain the tissues and 
return the blood to the heart, are simply conduct- 
ing vessels—the freeways and seeondary roads. 
Only the tiny hairlike eapillaries, which extend 
and braneh through the tissues and eonneet the 
smallest arteries (arterioles) to the smallest veins 
(venules), direetly serve the needs of the body 
eells. The eapillaries are the side streets or alleys 
that intimately intertwine among the body eells 
and provide aeeess to individual “homes.” It is 
only through their walls that exchanges between 
the tissue eells and the blood ean occur. 

Notiee that this book routinely depiets arteries 
in red and veins in blue because, by eonvention, 
red indieates oxygen-rich blood, the normal status 
of blood in most of the body’s arteries, and 
blue indieates relatively oxygen-depleted, earbon 
dioxide-rich blood, the normal status of blood in 
most of the veins. However, there are exceptions 
to this eonvention. For instanee, we have seen 
that oxygen-poor blood is earried in the pul- 
monary tmnk, an artery, while oxygen-rich blood 
is transported baek to the heart in pulmonary 
veins. An easy way to remember this differenee is 
the following deviee: arteries are red and veins 
are blue, but for the lungs there’s an exception of 
two. We will point out other exceptions as we 
encounter them. 

Mieroseopie Anatomy 
of Blood Vessels 

Tunics 

Except for the mieroseopie eapillaries, the walls of 
blood vessels have three eoats, or tunics (Figure 
11.10). The tunica intima (tu'm-kah in-tim'ah), 
which lines the lumen, or interior, of the vessels, is 
a thin layer of endothelium (squamous epithelial 
eells) resting on a basement membrane. Its eells 
fit elosely together and form a sliek surface that 
deereases frietion as blood flows through the ves- 
sel lumen. 

The tunica media (me'de-ah) is the bulky 
middle eoat. It is mostly smooth muscle and elastie 
fibers. Some of the larger arteries have elastie 
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Figiire 11.10 Structure of blood vessels. (a) Light photomierograph of a 
muscular artery and the eorresponding vein in eross seetion (140x). (b) The walls of 
arteries and veins are eomposed of three tunics: the tunica intima, tunica media, and 
tunica externa. Capillaries—between arteries and veins in the circulatory pathway—are 
eomposed only of the tunica intima. Notiee that the tunica media is thiek in arteries and 
relatively thin in veins. 
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Figure 11.11 Operation of the muscular pump. 

VVhen skeletal muscles eontraet and press against 
the flexible veins, the valves proximal to the area of 
eontraetion are foreed open, and blood is squeezed 
toward the heart. The valves distal to the point of 
eontraetion are elosed by the backflowing blood. 


laminae, sheets of elastie tissue, in addition to the 
seattered elastie fibers. The smooth muscle, which 
is eontrolled by the sympathetie nervous system, is 
aetive in ehanging the diameter of the vessels. As 
the vessels eonstriet or dilate, blood pressure 
inereases or deereases, respeetively. 

The tunica externa (eks'tern-ah) is the outer- 
most tunic. This layer is eomposed largely of fibrous 
eonneetive tissue, and its function is basieally to 
support and proteet the vessels. 

Structural Differenees in Arteries, 

Veins, and Capillaries 

The walls of arteries are usually much thieker 
than those of veins. The arterial tunica media, in 
particular, tends to be much heavier. This struc- 
tural differenee is related to a differenee in func- 
tion of these two types of vessels. Arteries, which 


are eloser to the pumping aetion of the heart, 
must be able to expand as blood is foreed into 
them and then reeoil passively as the blood 
flows off into the circulation during diastole. 
Their walls must be strong and stretehy enough 
to take these continuous ehanges in pressure 
(see Figure 11.20). 

Veins, in eontrast, are far from the heart in the 
circulatory pathway, and the pressure in them 
tends to be low all the time. Thus veins have thin- 
ner walls. However, because the blood pressure in 
veins is usually too low to foree the blood baek to 
the heart, and because blood returning to the 
heart often flows against gravity, veins are modi- 
fied to ensure that the amount of blood returning 
to the heart (venons retnrrì) equals the amount 
being pumped out of the heart (eardiae output ) at 
any time. The lumens of veins tend to be much 
larger than those of eorresponding arteries, and 
the larger veins have valves that prevent backflow 
of blood (see Figure 11.10). 

• To see the effeet of venous valves, perform the 
following simple experiment on yourself: 
Allow one hand to hang by your side for a 
minute or two, until the blood vessels on its 
dorsal aspeet beeome distended (swollen) with 
blood. Plaee two fingertips side by side against 
one of the distended veins. Then, pressing 
firmly, move your proximal finger along the 
vein toward your heart. Now release that fin- 
ger. As you ean see, the vein remains eol- 
lapsed in spite of gravity. Now remove your 
distal finger, and watch the vein fill rapidly 
with blood. 

Skeletal muscle aetivity also enhanees venous 
return. As the muscles surrounding the veins eon- 
traet and relax, the blood is squeezed, or “milked,” 
through the veins toward the heart (Figure 11-11). 
Finally, when we inhale, the drop in pressure that 
occurs in the thorax causes the large veins near 
the heart to expand and fill. Thus, the “respiratory 
pump” also helps return blood to the heart (see 
Figure 11.9). 

The transparent walls of the eapillaries are 
only one eell layer thiek—just the tunica intima. 
Because of this exceptional thinness, exchanges 
are easily made between the blood and the tis- 
sue eells. The tiny eapillaries tend to form inter- 
weaving networks ealled eapillary beds. The 
flow of blood from an arteriole to a venule— 
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that is, through a eapillary bed—is ealled 
microcirculation. In most body regions, a 
eapillary bed eonsists of two types of vessels: 
(1) a vascular shunt, a vessel that direetly eon- 
neets the arteriole and venule at opposite ends 
of the bed, and (2) true eapillaries, the actual 
exchange vessels (Figure 11.12). 

The true eapillaries number 10 to 100 per eapil- 
lary bed, depending on the organ or tissues served. 
They usually braneh off the proximal end of the 
shunt and return to the distal end, but oeeasionally 
they spring from the terminal arteriole and empty 
direetly into the posteapillary venule. A cuff 
of smooth muscle fibers, ealled a preeapillary 
sphineter, surrounds the root of eaeh tme eapil- 
laiy and aets as a valve to regulate the flow of 
blood into the eapillary. Blood flowing through a 
terminal arteriole may take one of two routes: 
through the tme eapillaries or through the shunt. 
When the preeapillary sphineters are relaxed 
(open), blood flows through the tme eapillaries 
and takes part in exchanges with tissue eells. 
When the sphineters are eontraeted (elosed), 
blood flows through the shunts and bypasses the 
tissue eells. 

HOMEOSTATIC IMBALANCE 

Varieose veins are eommon in people 
who stand for long periods of time (for example, 
dentists and hairdressers) and in obese (or preg- 
nant) individuals. The eommon faetors are the 
pooling of blood in the feet and legs and ineffi- 
eient venous return resulting from inaetivity or 
pressure on the veins. In any ease, the over- 
worked valves give way, and the veins beeome 
twisted and dilated. A serious eomplieation of 
varieose veins is thrombophlebitis (throm"bo- 
fle-bi'tis), inflammation of a vein that results when 
a elot forms in a vessel with poor circulation. 
Because all venous blood must pass through the 
pulmonary circulation before traveling through 
the body tissues again, a eommon consequence 
of thrombophlebitis is elot detaehment and 
pulmonary embolism, which is a life-threatening 
eondition. ) 



DID YOU GET IT 



12. Assume you are viewing a blood vessel under the 
mieroseope. It has a lopsided lumen, relatively thiek 
externa, and a relatively thin media. Which kind of 
blood vessel is this? 



Assiime the eapillary bed depieted here is in the bieeps 
braehii muscle ofyour arm. What eondition would the 
eapillary bed be in (a or b) ifyou were doing push-ups 
at the gym? 


Vascular shunt 


Preeapillary sphineters 





Terminal arteriole 


eapillaries 


Posteapillary 

venule 


(a) Sphineters open; blood flows through true 
eapillaries. 



venule 


(b) Sphineters elosed; blood flows through 
vascular shunt. 

Figure 11.12 Anatomy of a eapillary bed. 

The vascular shunt bypasses the true eapillaries when 
preeapillary sphineters eontrolling blood entry into the 
true eapillaries are eonstrieted. 


13. Arteries laek valves, but veins have them. How is this 
structural differenee related to blood pressure? 

14. How is the structure of eapillaries related to their 
function in the body? 

For answers, see Appendix D. 
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Gross Anatomy of Blood Vessels 

Identify the body’s major arteries and veins, and name 
the body region supplied by eaeh. 

Major Arteries of the Systemie Circulation 

The aorta is the largest artery of the body, and it 
is a tmly splendid vessel. In adults, the aorta is 
about the size of a garden hose (with an internal 
diameter about equal to the diameter of your 
thumb) where it issues from the left ventriele of 
the heart. It deereases only slightly in diameter as 
it mns to its terminus. Different parts of the aorta 
are named for either their loeation or their shape. 
The aorta springs upward from the left ventriele of 
the heart as the aseending aorta, arehes to the 
left as the aortie areh, and then plunges down- 
ward through the thorax, following the spine 
(thoraeie aorta) finally to pass through the 
diaphragm into the abdominopelvie eavity, where 
it beeomes the abdominal aorta (Figure 11.13). 

The major branehes of the aorta and the organs 
they serve are listed next in sequence from the 
heart. Figure 11.13 shows the course of the aorta 
and its major branehes. As you loeate the arteries on 
the figure, be aware of ways to make your learning 
easier. In many eases the name of the artery tells 
you the body region or organs served (renal artery, 
braehial artery, and eoronary artery) or the bone fol- 
lowed (femoral artery and ulnar artery). 

Arterial Branehes of the Aseending Aorta 

• The only branehes of the aseending aorta are 

the right (R.) and left (L.) eoronary arteries, 

which serve the heart. 

Arterial Branehes of the Aortie Areh 

• The braehioeephalie (bra"ke-o-se-fal'ik) trunk 
(the first braneh off the aortie areh) splits into 
the R. eommon earotid (kah-ro'tid) artery 
and R. subclavian (sub-kla've-an) artery. 
(See same-named vessels on left side of body 
for organs served.) 

• The L. eommon earotid artery is the seeond 
braneh off the aortie areh. It divides, forming 
the L. internal earotid, which serves the brain, 
and the L. external earotid, which serves the 
skin and nmseles of the head and neek. 

• The third braneh of the aortie areh, the L. 
subclavian artery, gives off an important 
braneh—the vertebral artery, which serves 
part of the brain. In the axilla, the subclavian 


artery beeomes the axillary artery and then 
continues into the arm as the braehial artery, 
which supplies the arm. At the elbow, the 
braehial artery splits to form the radial and 
ulnar arteries, which serve the forearm. 

Arterial Branehes of the Thoraeie Aorta 

• The intereostal arteries (ten pairs) supply the 
muscles of the thorax wall. Other branehes of 
the thoraeie aorta supply the lungs ( bronehial 
arteries ), the esophagus (esophageal arteries ), 
and the diaphragm (phrenie arteries ). These 
arteries are not illustrated in Figure 11.13. 

Arterial Branehes of the Abdominal Aorta 

• The eeliae trunk is the first braneh of the 
abdominal aorta. It is a single vessel that has 
three branehes: the L. gastrie artery, which sup- 
plies the stomaeh; the splenie artery, which 
supplies the spleen; and the eommon hepatie 
artery, which supplies the liver. 

• The unpaired superior mesenterie (mes"en- 
ter'ik) artery supplies most of the small intestine 
and the first half of the large intestine, or eolon. 

• The renal (R. and L.) arteries serve the kidneys. 

• The gonadal (R. and L.) arteries supply the 
gonads. They are ealled the ovarian arteries in 
females (serving the ovaries) and the testienlar 
arteries in males (serving the testes). 

• The lumbar arteries (not illustrated in Figure 
11.13) are several pairs of arteries serving the 
heavy muscles of the abdomen and tmnk walls. 

• The inferior mesenterie artery is a small, 
unpaired artery supplying the seeond half of 
the large intestine. 

• The eommon iliae (R. and L.) arteries are the 

final branehes of the abdominal aorta. Eaeh 
divides into an internal ibae artery, which 
supplies the pelvie organs (bladder, rectum, and 
so on), and an external ibae artery, which 
enters the thigh, where it beeomes the femoral 
artery. The femoral artery and its braneh, the 
deep artery of the thigh, serve the thigh. At 
the knee, the femoral artery beeomes the 
popbteal artery, which then splits into the 
anterior and posterior tibial arteries, which 
supply the leg and foot. The anterior tibial 
artery terminates in the dorsalis pedis artery, 
which via the arcuate artery supplies the 
dorsum of the foot. (The dorsalis pedis is often 
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Arteries of the head and trunk 

Internal earotid artery 

External earotid artery 

Common earotid arteries 

Vertebral artery 

Subclavian artery 

Braehioeephalie trunk 
Aortie areh 
Aseending aorta 

Coronary artery 

Thoraeie aorta 
(above diaphragm) 

Celiac trunk 
Abdominal aorta 


Superior mesenterie 
artery 

Renal artery 
Gonadal artery 


Inferior mesenterie artery 


Internal iliae artery 


Axillary artery 


Braehial artery 


Radial artery 
Ulnar artery 



Arteries that supply the upper limb 

Subclavian artery 


Deep palmar areh 


Superficial palmar areh 


Digital arteries 


Arteries that supply the lower limb 

Common iliae artery 

External iliae artery 

Femoral artery 
Popliteal artery 


Anterior tibial artery 
Posterior tibial artery 


Dorsalis pedis artery 


Arcuate artery 


Figure 11.13 Major arteries of the systemie circulation, anterior view. 
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palpated in patients with circulatory problems 
of the legs to determine whether the distal part 
of the leg has adequate circulation.) 

Major Veins of the Systemie Circulation 

Although arteries are generally loeated in deep, 
well-protected body areas, many veins are more 
superficial, and some are easily seen and pal- 
pated on the body surface. Most deep veins fol- 
low the course of the major arteries, and with a 
few exceptions, the naming of these veins is 
identieal to that of their eompanion arteries. 
Major systemie arteries braneh off the aorta, 
whereas the veins eonverge on the venae eavae, 
which enter the right atrium of the heart. Veins 
draining the head and arms empty into the 
superior vena eava, and those draining the 
lower body empty into the inferior vena eava. 
These veins are deseribed next and shown in 
Figure 11.14. As before, loeate the veins on the 
figure as you read their deseriptions. 

I feins Draining into the Superior Vena Cava Veins 

draining into the superior vena eava are listed in a 
distal-to-proximal direetion; that is, in the same diree- 
tion the blood flows into the superior vena eava. 

• The radial and ulnar veins are deep veins 
draining the forearm. They unite to form the 
deep braehial vein, which drains the arm and 
empties into the axillary vein in the axillaiy 
region. 

• The eephalie (se-fal'ik) vein provides for the 
superficial drainage of the lateral aspeet of the 
arm and empties into the axillary vein. 

• The basilie (bah-sil'ik) vein is a superficial 
vein that drains the medial aspeet of the arm 
and empties into the braehial vein proximally. 
The basilie and eephalie veins are joined at the 
anterior aspeet of the elbow by the median 
cubital vein. (The median cubital vein is often 
ehosen as the site for blood removal for the 
purpose of blood testing.) 

• The subclavian vein reeeives venous blood 
from the arm through the axillary vein and 
from the skin and muscles of the head through 

the external jugular vein. 

• The vertebral vein drains the posterior part of 
the head. 

• The internal jugular vein drains the dural 
sinuses of the brain. 


• The braehioeephalie (R. and L.) veins are 

large veins that reeeive venous drainage from 
the subclavian, vertebral, and internal jugular 
veins on their respeetive sides. The braehio- 
eephalie veins join to form the superior vena 
eava, which enters the heart. 

• The azygos (az'í-gos) vein is a single vein that 
drains the thorax and enters the superior vena 
eava just before it joins the heart. (This vein is 
not illustrated in Figure 11.14.) 

Veins Draining into the Inferior Vena Cava The infe- 

rior vena eava, which is much longer than the 
superior vena eava, returns blood to the heart 
from all body regions below the diaphragm. As 
before, we will traee the venous drainage in a 
distal-to-proximal direetion. 

• The anterior and posterior tibial veins and 
the fìbular vein drain the leg (ealf and foot). 
(The fibular vein is not shown in Figure 
11.14.) The posterior tibial vein beeomes 
the popliteal vein at the knee and then the 
femoral vein in the thigh. The femoral vein 
beeomes the external iliae vein as it enters 
the pelvis. 

• The great saphenous (sah-fe'nus) veins are 
the longest veins in the body. They reeeive the 
superficial drainage of the leg. They begin at 
the dorsal venous areh in the foot and travel 
up the medial aspeet of the leg to empty into 
the femoral vein in the thigh. 

• Eaeh eommon iliae (R. and L.) vein is formed 
by the union of the external iliae vein and the 
internal iliae vein (which drains the pelvis) on 
its own side. The eommon iliae veins join to 
form the inferior vena eava, which then aseends 
superiorly in the abdominal eavity. 

• The R. gonadal vein drains the right ovary in 
females and the right testiele in males. (The 
L. gonadal vein empties into the left renal 
vein superiorly.) (The gonadal veins are not 
illustrated in Figure 11.14.) 

• The renal (R. and L.) veins drain the kidneys. 

• The hepatie portal vein is a single vein that 
drains the digestive traet organs and earries this 
blood through the liver before it enters the sys- 
temie circulation. (We discuss the hepatie por- 
tal circulation in the next seetion.) 

• The hepatie (R. and L.) veins drain the liver. 
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Veins that drain the lower limb 
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Femoral vein 

Great saphenous vein 
Popliteal vein 
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Anterior tibial vein 
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Dorsal venous areh 
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Figure 11.14 Major veins of the systemie circulation, anterior view. The 

vessels of the pulmonary circulation are not illustrated, accounting for the ineomplete 
appearanee of the circulation from the heart. 
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Certified Surgical 
Teehnologist (CST) 


Surgical teehnologists use their 
knovvledge of anatomy to assist 
surgeons in the operating room. 

Ask Nathan Williams what it takes 
to be a good surgical teehnologist, 
and he will list several key qualities. 
“Attention to detail is emeial,” he 
says. “You have to be methodieal, 
orderly, and eool. There is a lot of 
stress in the operating room, and 
surgeons are under tremendous 
pressure. You have to remain ealm 
and do your job well, so the 
surgeons ean do theirs.” 

Surgical teehnologists (sometimes 
ealled surgical teehnieians) are allied 
health professionals who work under 
the supervision of a surgeon. They 
make sure that the operating room 
environment is safe, the equipment 
functions properly, and procedures 
are conducted safely. Surgical 
teehnologists eombine their 
knowledge of anatomy, surgical 
procedures, and surgical tools 
and teehnologies to faeilitate a 
physieian’s performanee in the 
operating room. 

Says Williams, “My primary job 
is to maintain the sterility of the 
operating room environment. I start 
the day by setting up a sterile field — 
that is, I carefully open sealed 
surgical instmments and lay them 
out in an orderly fashion to prepare 
for eaeh procedure. I try to antieipate 
everything the surgeon will need 
during that operation. Everything 
remains sterile until the end of the 
procedure, when I assist the patient 


onto a streteher. After that, I sort out 
instmments for deeontamination 
and remove my surgical gown and 
gloves. If this sterile environment 
is eompromised, it ean have 
devastating effeets because the 
patient is eontaminated. The most 
eommon result is a staph infeetion — 
an infeetion by Staphylococcus 
baeteria that ean be life-threatening.” 

Another big part of Williams’s job 
is antieipating the surgeon’s next 
move. “I’m the surgeon’s extra eyes 
and ears, and I have to be alert and 
stay a step ahead at all times. This 
is where my training in anatomy is 
emeial, because I have to be aware 
of which body tissues surgeons will 
encounter next. For instanee, when 
they work in areas where there are 
lots of blood vessels, I always keep 
a elamp handy to stop bleeding. As 
another example, there are many 
types of foreeps, some with smooth 
edges and some with teeth. During 
the initial ineision, surgeons need 
foreeps with teeth because they 
handle skin most effeetively. But 
after surgeons pieree through the 
skin and enter the body, I have to be 
sure to hand them only the smooth 
type, because foreeps with teeth 
could puncture internal organs.” 

Surgical teehnologists must 
eomplete an aeeredited training 
program, usually 9 to 12 months 
long, and including at least 900 
elassroom and elinieal hours. Then 
they must pass a national exam to 
be eertified for a six-year period. 



ì'm the siirgeon's 
extra eyes and ears 
. . . This is where 
my training in 
anatomy is erneial. 

They ean renew eertifieation by 
earning continuing education eredits 
or by retesting. Aeereditation 
procedures vary from state to state. 

For more information, eontaet the 
Assoeiation of Surgical Teehnologists: 

6 West Dry Creek Oirele, Suite 200 
Littleton, CO 80120-8031 
Telephone: (303) 694-9130 
FAX: (303) 694-9169 
http://www.ast.org 

For additional information on this 
eareer, eliek the Focus on Careers link at 

www.anatomyandphysiology.com. 
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Figure 11.15 Arterial supply of the brain. (a) Major arteries of the brain. (Cerebellum 
is shown only on the left side of the brain.) (b) Colorized arteriograph of the brain’s arteries. 


DID YOU GET IT r 

15. In what part of the body are the femoral, popliteal, and 
arcuate arteries found? 

16. In what part of the body are the axillary, eephalie, and 
basilie veins loeated? 

For ansvvers, see Appendix D. 

Speeial Circulations 

Discuss the unique features of the arterial circulation 
of the brain, fetal circulation, and hepatie portal 
circulation. 


Arterial Supply of the Brain and the drele of 

Willis Because a laek of blood for even a few 
minutes causes the delieate brain eells to die, a 
continuous blood supply to the brain is emeial. 
The brain is supplied by two pairs of arteries, the 
internal earotid arteries and the vertebral arteries 
(Figure 11.15). 

The internal earotid arteries, branehes of 
the eommon earotid arteries, run through the neek 
and enter the skull through the temporal bone. 
Onee inside the cranium, eaeh divides into the 
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anterior and middle eerebral arteries, which 
supply most of the eerebmm. 

The paired vertebral arteries pass upward 
from the subclavian arteries at the base of the 
neek. Within the skull, the vertebral arteries join to 
form the single basilar artery. This artery serves 
the brain stem and cerebellum as it travels 
upward. At the base of the eerebmm, the basilar 
artery divides to form the posterior eerebral 
arteries, which supply the posterior part of the 
eerebmm. 

The anterior and posterior blood supplies of 
the brain are united by small eomnmnieating arte- 
rial branehes. The result is a eomplete eirele of 
eonneeting blood vessels ealled either the eerebral 
arterial eirele or the eirele of Willis, which 
surrounds the base of the brain. The eerebral arte- 
rial eirele proteets the brain by providing more 
than one route for blood to reaeh brain tissue in 
ease of a elot or impaired blood flow anywhere in 
the system. 

Fetal CirculatÌon Because the lungs and digestive 
system are not yet functioning in a fetus, all 
nutrient, excretory, and gas exchanges occur 
through the plaeenta. Nutrients and oxygen 
move from the mother’s blood into the fetal 
blood, and fetal wastes move in the opposite 
direetion. As shown in Figure 11.16, the 
nmbilieal eord eontains three blood vessels: one 
large iimbilieal vein and two smaller umbilical 
arteries. The umbilical vein earries blood rieh in 
nutrients and oxygen to the fetus. The umbilical 
arteries earry earbon dioxide and debris-laden 
blood from the fetus to the plaeenta. As blood 
flows superiorly toward the heart of the fetus, 
most of it bypasses the immature liver through 
the ductus venosus (duk'tus ve-no'sus) and 
enters the inferior vena eava, which earries the 
blood to the right atrium of the heart. 

Because fetal lungs are nonfunctional and eol- 
lapsed, two shunts see to it that they are almost 
entirely bypassed. Some of the blood entering the 
right atrium is shunted direetly into the left atrium 
through the foramen ovale (fo-ra'men o-val'e), a 
flaplike opening in the interatrial septum. Blood 
that does manage to enter the right ventriele is 
pumped out the pulmonary trunk, where it meets 
a seeond shunt, the ductus arteriosus (ar-ter"e- 
o'sus), a short vessel that eonneets the aorta and 
the pulmonary tmnk. Because the eollapsed lungs 


are a high-pressure area, blood tends to enter the 
systemie circulation through the ductus arteriosus. 
The aorta earries blood to the tissues of the fetal 
body and ultimately baek to the plaeenta through 
the umbilical arteries. 

At birth, or shortly after, the foramen ovale 
eloses. Its remnant, the fossa ovalis, is visible in 
the right atrmm (see Figure 11.3b). The ductus 
arteriosus eollapses and is eonverted to the fibrous 
ligamentum arteriosum (lig"ah-men'tum ar- 
ter"e-o'sum) (see Figure 11.3a). As blood stops 
flowing through the umbilical vessels, they 
beeome obliterated, and the circulatory pattern 
eonverts to that of an adult. 

Hepatie Portal Circulation The veins of the 

hepatie portal circulation drain the digestive 
organs, spleen, and panereas and deliver this 
blood to the liver through the hepatie portal 
vein (Figure 11.17). When you have just eaten, 
the hepatie portal blood eontains large amounts of 
nutrients. Because the liver is a key body organ 
involved in maintaining the proper glucose, fat, 
and protein eoneentrations in the blood, this sys- 
tem a takes a detour” to ensure that the liver 
proeesses these substances before they enter the 
systemie circulation. As blood flows slowly 
through the liver, some of the nutrients are 
removed to be stored or proeessed in various 
ways for later release to the blood. The liver is 
drained by the hepatie veins that enter the inferior 
vena eava. Like the portal circulation that links the 
hypothalamus of the brain and the anterior pitu- 
itary gland (see ehapter 9), the hepatie portal eir- 
culation is a unique and unusual circulation. 
Normally, arteries feed eapillary beds, which in 
turn drain into veins. Here we see veins feeding 
the liver circulation (Figure 11.17). 

The major vessels eomposing the hepatie por- 
tal circulation (Figure 11.18) include the inferior 
and superior mesenterie veins, the splenie vein, 
and the left gastrie vein. The inferior mesenterie 
vein, draining the terminal part of the large intes- 
tine, drains into the splenie vein, which itself 
drains the spleen, panereas, and the left side of 
the stomaeh. The splenie vein and superior 
mesenterie vein (which drains the small intestine 
and the first part of the eolon) join to form the 
hepatie portal vein. The L. gastrie vein, which 
drains the right side of the stomaeh, drains direetly 
into the hepatie portal vein. 
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Figure 11.16 Sehematie of the fetal circulation. 
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Figure 11.17 The basie seheme of the hepatie portal system. Note the 
presenee of two eapillary beds within the portal system. Nutrients and toxins pieked 
up from eapillaries in the stomaeh and intestine are transported to the liver for 
proeessing. From the liver sinusoids, the blood continues into the hepatie veins and 
inferior vena eava. 
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Figure 11.18 The hepatie portal circulation. 
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DID YOU GET IT 



17. VVhieh vessel—the hepatie portal vein, hepatie vein, or 
hepatie artery—has the highest eontent of nutrients 
after a meal? 

18. In vvhat tvvo important vvays is the pulmonary 
circulation different from the systemie circulation? 

19. VVhat is the ductus venosus, and vvhat is its function? 

For answers, see Appendix D. 


Physiology of Circulation 

Define pulse, and name several pulse points. 

A fairly good indieation of the effieieney of a per- 
son’s circulatory system ean be obtained by taking 
arterial pulse and blood pressure measurements. 
These measurements, along with those of respira- 
tory rate and body temperature, are referred to 
eolleetively as vital signs in elinieal settings. 

Arterial Pulse 

The alternating expansion and reeoil of an artery 
that occurs with eaeh beat of the left ventriele 
ereates a pressure wave—a pulse —that travels 
through the entire arterial system. Normally the 
pulse rate (pressure surges per minute) equals the 
heart rate (beats per minute). The pulse averages 
70 to 76 beats per minute in a normal resting per- 
son. It is infhieneed by aetivity, postural ehanges, 
and emotions. 

You ean feel a pulse in any artery lying elose 
to the body surface by eompressing the artery 
against firm tissue; this provides an easy way of 
counting heart rate. Because it is so aeeessible, the 
point where the radial artery surfaces at the wrist 
(the radial pulse) is routinely used to take a pulse 
measurement, but there are several other elinieally 
important arterial pulse points (Figure 11.19). 
Because these same points are eompressed to stop 
blood flow into distal tissues during hemorrhage, 
they are also ealled pressure points. For exam- 
ple, if you seriously cut your hand, you ean stop 
the bleeding somewhat by eompressing the 
braehial artery. 

• Palpate eaeh of the pulse points shown in 
Figure 11.19 by plaeing the tips of your first 
two or three fingers of one hand over the 
artery at the site indieated. Do not use your 
thumb because it has its own pulse. Compress 
the artery firmly as you begin and then imme- 
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Figure 11.19 Body sites where the pulse is 
most easily palpated. (The speeifie arteries indieated 
are discussed on p. 374.) 


diately ease up on your pressure slightly. In 
eaeh ease, notiee the regularity and relative 
strength of the pulse. 


DID YOU GET IT r 

20 . VVhieh artery is palpated at the vvrist? At the groin? At 
the side of the neek? 

For the answer, see Appendix D. 


Blood Pressure 

Define blood pressure, and list faetors affeeting and/or 
determining blood pressure. 

Define hypertension and atheroselerosis, and deseribe 
possible health consequences of these eonditions. 

Any system equipped with a pump that forees 
fluid through a network of elosed tubes operates 
under pressure, and the eloser the pump, the 
higher the pressure. Blood pressure is the pres- 
sure the blood exerts against the inner walls of the 
blood vessels, and it is the foree that keeps blood 
circulating continuously even between heartbeats. 
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Figure 11.20 Blood pressure in various areas 
of the cardiovascular system. 


Unless stated otherwise, the term bloodpressnre is 
rmderstood to mean the pressure within the large 
systemie arteries near the heart. 

Blood Pressure Gradient When the ventrieles 

eontraet, they foree blood into large, thick-walled 
elastie arteries elose to the heart that expand as 
the blood is pushed into them. The high pressure 
in these arteries forees the blood to continuously 
move into areas where the pressure is lower. 
The pressure is highest in the large arteries and 
continues to drop throughout the systemie and 
pulmonary pathways, reaehing either zero or 
negative pressure at the venae eavae (Figure 
11.20). Reeall that the blood flows into the smaller 
arteries, then arterioles, eapillaries, venules, 
veins, and finally baek to the large venae eavae 
entering the right atrium of the heart. It flows 
continuously along a pressure gradient (from 
high to low pressure) as it makes its circuit day in 
and day out. Notiee that if venous return 
depended entirely on a high blood pressure 
throughout the system, blood would probably 
never be able to eomplete its circuit baek to the 
heart. This is why the valves in the larger veins, 


the milking aetivity of the skeletal muscles, and 
pressure ehanges in the thorax are so important. 

The pressure differenees between arteries and 
veins beeome very elear when these vessels are 
cut. If a vein is cut, the blood flows evenly from 
the wound; a laeerated artery produces rapid 
spurts of blood. 

Continuous blood flow absolutely depends on 
the stretehiness of the larger arteries and their abil- 
ity to reeoil and keep exerting pressure on the 
blood as it flows off into the circulation. Think of a 
garden hose with relatively hard walls. When the 
water is turned on, the water spurts out under high 
pressure because the hose walls don’t expand. 
However, when the water faucet is suddenly turned 
off, the flow of water stops just as abmptly. The 
reason is that the walls of the hose eannot reeoil to 
keep pressure on the water; therefore, the pressure 
drops and the flow of water stops. The importanee 
of the elastieity of the arteries is best appreeiated 
when it is lost, as happens in arterioselerosis. We 
discuss arterioselerosis, also ealled “hardening of 
the arteries,” in “A Closer Look” on pp. 388-389. 

DID YOU GET IT 

21. How does blood pressure ehange throughout the 

systemie circulatory pathway? 

For the answer, see Appendix D. 

Meastiring Blood Pressure Because the heart alter- 

nately eontraets and relaxes, the off-and-on flow of 
blood into the arteries causes the blood pressure to 
rise and fall during eaeh beat. Thus, two arterial 
blood pressure measurements are usually made: 
systolie (sis-to'lik) pressure, the pressure in the 
arteries at the peak of ventricular eontraetion, and 
diastolie (di"us-to'lik) pressure, the pressure 
when the ventrieles are relaxing. Blood pressures 
are reported in millimeters of mercury (mm Hg), 
with the systolie pressure written first—120/80 (120 
over 80) translates to a systolie pressure of 120 mm 
Hg and a diastolie pressure of 80 mm Hg. Most 
often, systemie arterial blood pressure is measured 
indireetly by the auscultatory (os-kul'tuh-tor-e) 
method. This procedure, as used to measure 
blood pressure in the braehial artery of the arm, is 
illustrated and deseribed in Figiire 11.21. 

Effeets of Varioiis Faetors on Blood Pressure Arterial 

blood pressure (BP) is direetly related to eardiae 
output (CO; the amount of blood pumped out of 
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(a)The course of the 
braehial artery of the 
arm. Assume a blood 
pressure of 120/70 in 
a young, healthy 
person. 


(b) The blood pressure 
cuff is wrapped snugly 
around the arm just 
above the elbow and 
inflated until the cuff 
pressure exceeds the 
systolie blood 
pressure. At this point, 
blood flow into the arm 
is stopped, and a 
braehial pulse eannot 
be felt or heard. 


(e) The pressure in the 
cuff is gradually 
reduced while the 
examiner listens 
(auscultates) for 
sounds in the braehial 
artery with a 
stethoseope. The 
pressure read as the 
first soft tapping 
sounds are heard (the 
first point at which a 
small amount of blood 
is spurting through the 
eonstrieted artery) is 
reeorded as the 
systolie pressure. 


(d) As the pressure is 
reduced still further, 
the sounds beeome 
louder and more 
distinet; when the 
artery is no longer 
eonstrieted and blood 
flows freely, the 
sounds ean no longer 
be heard. The 
pressure at which the 
sounds disappear is 
reeorded as the 
diastolie pressure. 


Figure 11.21 Measiiring blood pressure. 


the left ventriele per minute) and peripheral resis- 
tanee (PR). This relationship is expressed by the 
equation BP = CO X PR. We have already eonsid- 
ered regulation of eardiae output, so we will eon- 
eentrate on peripheral resistanee here. 

Peripheral resistanee is the amount of frie- 
tion the blood encounters as it flows through the 
blood vessels. Many faetors inerease peripheral 
resistanee, but probably the most important is the 
eonstrietion, or narrowing, of blood vessels, espe- 
eially arterioles, as a result of either sympathetie 
nervous system aetivity or atheroselerosis. 
inereased blood volume or inereased blood vis- 
eosity (thiekness) also raises peripheral resistanee. 
Any faetor that inereases either eardiae output or 
peripheral resistanee causes an almost immediate 


reflex rise in blood pressure. Many faetors ean 
alter blood pressure—age, weight, time of day, 
exercise, body position, emotional state, and vari- 
ous dmgs, to name a few. The influence of a few 
of these faetors is discussed next. 

1. Neural faetors: the autonomic nervous 
system. The parasympathetie division of the 
autonomic nervous system has little or no ef- 
feet on blood pressure, but the sympathetie 
division is important. The major aetion of the 
sympathetie nerves on the vascular system is to 
cause vasoeonstrietion (vas"o-kon-strik'shun), 
or narrowing of the blood vessels, which in- 
ereases the blood pressure. The sympathetie 
eenter in the medulla of the brain is aetivated 
to cause vasoeonstrietion in many different 
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Figure 11.22 Siimmary of faetors that inerease arterial blood pressure. 


circumstances (Figure 11-22). For example, 
when we stand up suddenly after lying down, 
the effeet of gravity causes blood to pool in the 
vessels of the legs and feet, and blood pressure 
drops. This aetivates pressoreeeptors (also 
ealled baroreeeptors ) in the large arteries of the 
neek and ehest. They send off warning signals 
that result in reflexive vasoeonstrietion, inereas- 
ing blood pressure baek to homeostatie levels. 

When blood volume suddenly deereases, 
as in hemorrhage, blood pressure drops, and 
the heart begins to beat more rapidly as it tries 
to eompensate. However, because blood loss 
reduces venous return, the heart also beats 
weakly and ineffieiently. In such eases, the 
sympathetie nervous system causes vasoeon- 
strietion to inerease the blood pressure so that 
(hopefully) venous return inereases and circu- 
lation ean continue. 

The final example eoneerns sympathetie 
nervous system aetivity when we exercise 
vigorously or are frightened and have to make 


a hasty eseape. Under these eonditions, there 
is a generalized vasoeonstrietion except in the 
skeletal muscles. The vessels of the skeletal 
muscles dilate to inerease the blood flow to 
the working muscles. (It should be noted that 
the sympathetie nerves never cause vasoeon- 
strietion of blood vessels of the heart or brain.) 

2. Renal faetors: the kidneys. The kidneys play 
a major role in regulating arterial blood pres- 
sure by altering blood volume. As blood pres- 
sure (and/or blood volume) inereases beyond 
normal, the kidneys allow more water to leave 
the body in the urine. Because the source of 
this water is the bloodstream, blood volume 
deereases, which in turn deereases blood pres- 
sure. However, when arterial blood pressure 
falls, the kidneys retain body water, inereasing 
blood volume, and blood pressure rises (see 
Figure 11.22). 

In addition, when arterial blood pressure is 
low, eertain kidney eells release the enzyme 
renin into the blood. Renin triggers a series of 
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ehemieal reaetions that result in the formation 
of angiotensin II, a potent vasoeonstrietor 
ehemieal. Angiotensin also stimulates the adre- 
nal cortex to release aldosterone, a hormone 
that enhanees sodium ion reabsorption by the 
kidneys. As sodium moves into the blood, 
water follows. Thus, blood volume and blood 
pressure both rise. 

3. Temperature. In general, eold has a 
vasoeonstrieting effeet. This is why your 
exposed skin feels eold to the touch on a win- 
ter day and why eold eompresses are reeom- 
mended to prevent swelling of a bmised area. 
Heat has a vasodilating effeet, and warm eom- 
presses are used to speed the circulation into 
an inflamed area. 

4. ehemieals. The effeets of ehemieal sub- 
stanees, many of which are dmgs, on blood 
pressure are widespread and well known in 
many eases. We will give just a few examples 
here. Epinephrine inereases both heart rate 
and blood pressure. Nieotine inereases blood 
pressure by causing vasoeonstrietion. Both 
aleohol and histamine cause vasodilation and 
deerease blood pressure. The reason a person 
who has “one too many” beeomes flushed is 
that aleohol dilates the skin vessels. 

5. Diet. Although medieal opinions tend to 
ehange and are at odds from time to time, it is 
generally believed that a diet low in salt, satu- 
rated fats, and eholesterol helps to prevent 
hypertension, or high blood pressure. 

DID YOU GET IT 

22 . VVhat is the effeet of hemorrhage on blood pressure? 
VVhy? 

For the answer, see Appendix D. 

Variations in Blood Pressure in normal adults at 

rest, systolie blood pressure varies between 110 
and 140 mm Hg, and diastolie pressure between 
70 and 80 mm Hg—but blood pressure varies eon- 
siderably from one person to another and eyeles 
over a 24-hour period, peaking in the morning. 
What is normal for you may not be normal for 
your grandfather or your neighbor. Blood pressure 
varies with age, weight, raee, mood, physieal 
aetivity, and posture. Nearly all these variations ean 
be explained in terms of the faetors affeeting blood 
pressure that we have already discussed. 


Hypotension, or low blood pressure, is gen- 
erally eonsidered to be a systolie blood pressure 
below 100 mm Hg. In many eases, it simply refleets 
individual differenees and is no cause for eoneern. 
In faet, low blood pressure is an expected result of 
physieal eonditioning and is often assoeiated with 
long life and an old age free of illness. 

HOMEOSTATIC IMBALANCE 

Elderly people may experience tempo- 
rary low blood pressure and dizziness when they 
rise suddenly from a reelining or sitting position— 
a eondition ealled orthostatie hypotension. 
Because an aging sympathetie nervous system re- 
aets more slowly to postural ehanges, blood pools 
briefly in the lower limbs, reducing blood pressure 
and, consequently, blood delivery to the brain. 
Making postural ehanges more slowly to give the 
nervous system time to make the neeessary adjust- 
ments usually prevents this problem. ) 

ehronie hypotension (not explained by physi- 
eal eonditioning) may hint at poor nutrition and 
inadequate levels of blood proteins. Because blood 
viseosity is low, blood pressure is also lower than 
normal. Acute hypotension is one of the most 
important warnings of circulatory shoek, a eon- 
dition in which the blood vessels are inadequately 
filled and blood eannot circulate normally. The 
most eommon cause is blood loss. 

A brief elevation in blood pressure is a normal 
response to fever, physieal exertion, and emotional 
upset, such as anger and fear. Persistent hyper- 
tension, or high blood pressure, is pathologieal 
and is defined as a eondition of sustained elevated 
arterial pressure of 140/90 or higher. 

HOMEOSTATie IMBALANCE 

Chronic hypertension is a eommon and 
dangerous disease that warns of inereased periph- 
eral resistanee. Although it progresses without 
symptoms for the first 10 to 20 years, it slowly and 
surely strains the heart and damages the arteries. For 
this reason, hypertension is often ealled the “silent 
killer.” Because the heart is foreed to pump against 
inereased resistanee, it must work harder, and in 
time, the myocardium enlarges. When finally 
strained beyond its eapaeity to respond, the heart 
weakens and its walls beeome flabby. Hypertension 
also ravages blood vessels, causing small tears in the 
endothelium that aeeelerate the progress of athero- 
selerosis (the early stage of aiterioselerosis). 

(Continues on page 390) 










When pipes get elogged, it is usually 
because something that shouldn’t 
be there gets stuck in them—a 
greasy mass or a hair ball (see top 
photo). But when arteries are 
narrowed by atheroselerosis, the 
damming-up proeess occurs from 
the inside out: the walls of the 
vessels thieken and then protmde 
into the vessel lumen. Onee this 
happens, it does not take much to 
elose the vessel eompletely. A 
roaming blood elot or arterial 
spasms ean do it. 

Although all blood vessels are 
susceptible to atheroselerosis, for 
some unknown reason the aorta and 
the eoronary arteries serving the 
heart are most often affeeted. The 
disease progresses through many 
stages before the arterial walls 
actually beeome hard and approaeh 
the stage of the rigid tube system 
deseribed in the text, but some of 
the earlier stages are just as lethal. 

Onset and Stages 
of Atheroselerosis 

What triggers this scourge of blood 
vessels that indireetly causes half 
of the deaths in the Western world? 
Aeeording to the response to \njury 
hypothesis, the initial event is 
damage to the tunica intima caused 
by bloodborne ehemieals such as 
earbon monoxide (present in 
eigarette smoke or auto exhaust); 
by baeteria or vimses; or by 
physieal faetors such as a blow or 
persistent hypertension. Onee a 


break has occurred, blood platelets 
eling to the injured site and initiate 
elotting to prevent blood loss. The 
injured endothelium sets off the 
alarm, summoning the immune 
system and the inflammatory 
proeess to repair the damage. If it 
is a one-time injury, when it’s over, 
it’s over. But most plaques grow 
slowly, through a series of injuries 
that heal, only to be ruptured again 
and again. As the plaque grows, the 
injured endothelial eells release 
ehemotaetie agents and ehemieals 
that inerease the permeability of the 
endothelium to fats and eholesterol, 
allowing them to take up residenee 
just deep to the tunica intima. 
Monoeytes attraeted to the area 
migrate beneath the endothelium, 
where they beeome maerophages 
that gorge themselves on the fat in 
particular. These eells ean beeome 
so engorged with oxidized fats that 
they are transformed into lipid- 
laden “foam eells” that lose their 
ability to aet as seavengers. Soon 
they are joined by smooth muscle 
eells migrating from the tunica 
media of the blood vessel wall. 
These eells deposit eollagen and 
elastin fibers in the area and also 
take in fat, beeoming foam eells. 
The result is the erroneously named 
fatty streak stage, eharaeterized 
by thiekening of the tunica intima 
by greasy gray to yellow lesions 
ealled fibrous or atheroselerotie 
plaques. When these small, fatty 
mounds of muscle begin to 




Top A pipe elogged by 
accumulated deposits. Bottom 
Atheroselerotie plaques nearly 
elose a human artery. 

protmde into the vessel wall (and 
ultimately the vessel lumen), the 
eondition is ealled atheroselerosis 
(see bottom photo). 

Arterioselerosis is the end stage 
of the disease. As enlarging plaques 
hinder diffusion of nutrients from the 
blood to the deeper tissues of the 
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artery wall, smooth muscle eells in 
the tunica media die and the elastie 
fibers deteriorate and are gradually 
replaeed by nonelastie sear tissue. 
Then, calcium salts are deposited in 
the lesions, forming eomplieated 
plaques. Collectively, these events 
cause the arterial wall to fray and 
ulcerate, eonditions that encourage 
thrombus formation. The inereased 
rigidity of the vessels leads to 
hypertension. Together, these events 
inerease the risk of myoeardial 
infaretions, strokes, and aneurysms. 

However, the popular view 
that most heart attaeks are the 
consequence of severe vessel 
narrowing and hardening is now 
being ehallenged, particularly sinee 
some 70 pereent of heart attaeks 
are caused by much smaller 
obstmetions, too small to be seen 
on an arteriogram or to cause any 
symptoms in most eases. It now 
appears that the body’s defense 
system betrays it. The inflammatory 
proeess that occurs in the still soft, 
unstable, eholesterol-rieh plaques 
ehanges the biology of the vessel 
wall and makes the plaques 
susceptible to rupture, exploding off 
fragments that trigger massive elots 
that ean cause lethal heart attaeks. 
The vietim appears perfeetly healthy 
until he or she drops dead! 

Treatment and Prevention 

The vulnerable plaque hypothesis 
deseribed above has attraeted 
many medieal eonverts, but the 
question of what to do about it 


remains. Some medieal eenters test 
heart patients for elevated levels of 
eholesterol and C-reactive protein, a 
marker of inflammation. Eleetron 
beam CT seans may be able to 
identify people at risk by deteeting 
calcium deposits in their eoronary 
arteries. Antibioties and anti- 
inflammatory drugs are being tested 
as preventive measures, and statins, 
cholesterol-reducing drugs, show 
promise for reducing C-reactive 
protein levels. Even the humble 
aspirin is gaining new respeet, and 
more eardiologists reeommend that 
people at high risk take one baby 
aspirin (81 mg) daily. 

So what ean help when the 
damage is done and the heart is 
at risk because of atheroselerotie 
eoronary vessels? In the past, the 
only ehoiee has been eoronary 
artery bypass surgery, in which 
vessels removed from the legs or 
thoraeie eavity are implanted in the 
heart to restore circulation. More 
reeently, deviees threaded through 
blood vessels to obstmeted 
sites have beeome part of the 
ammunition of cardiovascular 
medieine. Balloon angioplasty uses 
a eatheter with a balloon paeked 
into its tip. When the eatheter 
reaehes the bloekage, the balloon 
is inflated, and the fatty mass is 
eompressed against the vessel 
wall. However, this procedure is 
useful to elear only very loealized 
obstructions. A newer eatheter 
deviee uses a laser beam to 
vaporize the arterial elogs. Although 


these intravascular deviees are 
faster, eheaper, and less risky than 
bypass surgery, they earry with them 
the same major shorteoming: they 
do nothing to stop the underlying 
disease, and in time new bloekages 
occur in 30 to 50 pereent of eases. 
Sometimes after angioplasty, a metal- 
mesh tube ealled a stent is plaeed in 
the artery to keep it open. 

When a blood elot is trapped by 
the diseased vessel walls, the answer 
may be a elot-dissolving agent, for 
example, tissue plasminogen 
aetivator (tPA), a naturally occurring 
substance now being produced by 
genetie engineering techniques. 
injeeting tPA direetly into the heart 
restores blood flow quickly and puts 
an early end to many heart attaeks in 
progress. 

There is little doubt that lifestyle 
faetors—emotional stress, smoking, 
obesity, high-fat and high-eholesterol 
diets, and laek of exercise— 
contribute to both atheroselerosis 
and hypertension. If these are the risk 
faetors (and indeed they are), then 
why not just have patients at risk 
ehange their lifestyle? This is not as 
easy as it seems. Although taking 
antioxidants (E and C vitamins and 
beta earotene) and exercising more 
may “undo” some of the damage, old 
habits die hard, and North Amerieans 
like their burgers and butter. Can 
atheroselerosis be reversed to give 
the heart a longer and healthier life? If 
so, many more people with diseased 
arteries may be more willing to trade 
lifelong habits for a healthy old age! 
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Figure 11 .23 Capillary transport meehanisms. 

The four possible pathways or routes of transport 
aeross the wall of an endothelial eell of a eapillary. (The 
endothelial eell is illustrated as if cut in eross seetion.) 

Although hypertension and atheroselerosis are 
often linked, it is difficult to blame hypertension 
on any distinet anatomieal pathology. In faet, 
about 90 pereent of hypertensive people have 
primary, or essential, hypertension, which 
eannot be attributed to any speeifie organie cause. 
However, faetors such as diet, obesity, heredity, 
raee, and stress appear to be involved. For 
instanee, more women than men and more blaeks 
than whites are hypertensive. Hypertension mns 
in families. The ehild of a hypertensive parent is 
twice as likely to develop high blood pressure as 
is a ehild of parents with normal blood pressure. 
High blood pressure is eommon in obese people 
because the total length of their blood vessels is 
relatively greater than that in thinner individuals. 
For eaeh pound of fat, miles of additional blood 
vessels are required, making the heart work 
harder to pump blood over longer distanees. ) 

Capillary Exchange of Gases and Nutrients 

Deseribe the exchanges that occur aeross eapillary 
walls. 

Capillaries form an intrieate network among the 
body’s eells and no substance has to diffuse very 


far to enter or leave a eell. The substances to be 
exchanged diffuse through an intervening spaee 
filled with interstitial fluid (tissue fluid). 

Substances tend to move to and from body 
eells aeeording to their eoneentration gradients. 
Thus, oxygen and nutrients leave the blood and 
move into the tissue eells, and earbon dioxide and 
other wastes exit the tissue eells and enter the 
blood. Basieally, substances entering or leaving 
the blood may take one of four routes aeross the 
plasma membranes of the single layer of endothe- 
lial eells forming the eapillary wall (Figure 11.23). 

1. Direet difhision through membrane. As 

with all eells, substances ean diffuse direetly 
through (eross) their plasma membranes if the 
substances are lipid-soluble (like the respira- 
tory gases). 

2. Difhision through intercellular elehs. 

Limited passage of fluid and small solutes is 
allowed by intereelhilar elehs (gaps or areas 
of plasma membrane not joined by tight junc- 
tions). It is safe to say that, with the exception 
of brain eapillaries—which are entirely secured 
together by tight junctions (the basis of the 
blood-brain barrier deseribed in ehapter 7)— 
most of our eapillaries have intercellular elefts. 

3. Difhision through pores. Very free passage of 
small solutes and fluids is allowed by 

fenestrated eapillaries. These unique eapillar- 
ies are found where absorption is a priority 
(intestinal eapillaries or eapillaries serving 
endoerine glands) or where filtration occurs (the 
kidney). A fenestra is an oval pore (fenestra = 
window) or opening and is usually eovered by a 
delieate membrane (see Figure 11.23). Even so, 
a fenestra is much more permeable than other 
regions of the plasma membrane. 

4. Transport via vesieles. Certain lipid-insoluble 
substances may enter or leave the blood and/ 
or pass through the plasma membranes of 
endothelial eells within vesieles, that is, by 
endoeytosis or exocytosis. 

Only substances unable to pass by one of these 
routes are prevented from leaving (or entering) 
the eapillaries. These include protein molecules 
(in plasma or interstitial fluid) and blood eells. 

Fluid Movements at Capillary Beds 

Besides the exchanges made via passive diffu- 
sion through eapillary endothelial eell plasma 
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membranes, elefts, or fenestrations, and via vesi- 
eles there are aetive forees operating at eapillary 
beds. Because of their intercellular elefts and fen- 
estrations, some eapillaries are leaky, and bulk 
fluid flows occur aeross their plasma membranes. 
Henee, blood pressure tends to foree fluid (and 
solutes) out of the eapillaries, and osmotie pres- 
sure tends to draw fluid into them because blood 
has a higher solute eoneentration (due to its 
plasma proteins) than does interstitial fluid. 
Whether fluid moves out of or into a eapillary 
depends on the differenee between the two pres- 
sures. As a rule, blood pressure is higher than 
osmotie pressure at the arterial end of the eapil- 
lary bed, and lower than osmotie pressure at the 
venous end. Consequently, fluid moves out of 
the eapillaries at the beginning of the bed and is 
reelaimed at the opposite (venule) end (Figure 
11.24). However, not quite all of the fluid foreed 
out of the blood is reelaimed at the venule end. 
Returning that lost fluid to the blood is the ehore 
of the lymphatie system, discussed in ehapter 12. 

DID YOU GET IT 

23. Would you expect fluid to be entering or leaving the 
eapillaries at the venous end of a eapillary bed? 

For the answer, see Appendix D. 

Developmental Aspeets of 
the Card ovascular System 

Briefly deseribe the development of the cardiovascular 
system. 

Name the fetal vascular modifieations, or “fetal 
shunts,” and deseribe their function before birth. 

Deseribe ehanges in the cardiovascular system with 
aging and list several faetors that help maintain 
cardiovascular health. 



Assume there is a baeterial infeetion in the interstitial 
fluid. How would this affeet fluid ftows aeross the 
eapillary walls in the area ? 


Tissue eell Interstitial fluid 




eapillary eapillary 


At the arterial end of a 
eapillary, blood 
pressure is more than 
osmotie pressure, and 
fluid flows out of the 
eapillary and into the 
interstitial fluid. 


At the venule end of 
the eapillary, blood 
pressure is less than 
osmotie pressure, and 
fluid flows from the 
interstitial fluid into the 
eapillary. 


Blood pressure is 
higher than osmotie 



Osmotie pressure 
(remains steady 
in eapillary bed) 


Blood pressure is 
lower than osmotie 
pressure 


The heart begins as a simple tube in the embryo. 
It is beating and busily pumping blood by the 
fourth week of pregnaney. During the next three 
weeks, the heart continues to ehange and mature, 
finally beeoming a four-chambered structure eapa- 
ble of aeting as a double pump—all without miss- 
ing a beat! During fetal life, the eollapsed lungs 
and nonfunctional liver are mostly bypassed by 
the blood, through speeial vascular shunts. After 
the seventh week of development, few ehanges 
other than growth occur in the fetal circulation 


Figure 11.24 Bulk fluid flows aeross eapillary 
walls depend largely on the differenee between 
the blood pressure and the osmotie pressure at 
different regions of the eapìllary bed. 
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Homeostatie Relationships between the 
Cardiovascular System and Other Body Systems 


Endoerine System 


The cardiovascular system 
delivers oxygen and nutrients; 
earries away wastes; blood serves 
as a transport vehiele for hormones 
Several hormones influence blood 
pressure (epinephrine, ANP, thyroxine, 
ADH); estrogen maintains vascular 
health in women 


Lymphatie System/lmmunity 


The cardiovascular system delivers 
oxygen and nutrients to lymphatie 
organs, which house immune eells; 
transports lymphoeytes and 
antibodies; earries away wastes 
The lymphatie system pieks up 
leaked fluid and plasma proteins 
and returns them to the 
cardiovascular system; its 
immune eells proteet 
cardiovascular organs from 
speeifie pathogens 


Digestive System 


The cardiovascular system 
delivers oxygen and nutrients; 
earries away wastes 
The digestive system 
provides nutrients to the 
blood including iron and B 
vitamins essential for RBC 
(and hemoglobin) formation 


llrinary System 


The cardiovascular system delivers 
oxygen and nutrients; earries away 
wastes; blood pressure maintains 
kidney function 

The urinary system helps regulate 
blood volume and pressure by altering 
urine volume and releasing renin 


Muscular System 


The cardiovascular system delivers 
oxygen and nutrients; earries away 
wastes 

Aerobie exercise enhanees 
cardiovascular effieieney and helps 
prevent arterioselerosis; the muscle 
“pump” aids venous return 




Nervous System 


• The cardiovascular system delivers 
oxygen and nutrients; removes 
wastes 

• ANS regulates eardiae rate and 
foree; sympathetie division 
maintains blood pressure and 
eontrols blood distribution 
aeeording to need 


Respiratory System 


• The cardiovascular system delivers 
oxygen and nutrients; earries away 
wastes 

• The respiratory system earries out 
gas exchange: loads oxygen and 
unloads earbon dioxide from the 
blood; respiratory “pump” aids 
venous return 


Cardiovascular 

System 


Reproductive System 


• The cardiovascular system delivers 
oxygen and nutrients; earries away 
wastes 

• Estrogen maintains vascular health 
in women 


lntegumentary System 


• The cardiovascular system delivers 
oxygen and nutrients; earries away 
wastes 

• The skin’s blood vessels provide an 
important blood reservoir and a site 
for heat loss from body 


Skeletal System 


• The cardiovascular system delivers 
oxygen and nutrients and earries 
away wastes 

• Bones are the site of hematopoiesis; 
proteet cardiovascular organs by 
enclosure; provide a calcium depot 
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until birth. Shortly after birth, the bypass structures 
beeome bloeked, and the speeial umbilical vessels 
stop functioning. 

HOMEOSTATIC IMBALANCE 

Congenital heart defeets account for 
about half of infant deaths resulting from all eon- 
genital defeets. Environmental interferenees, such 
as maternal infeetion and ingested drugs during 
the first three months of pregnaney (when the 
embryonie heart is forming), seem to be the major 
causes of such problems. Congenital heart defeets 
may include a ductus arteriosus that does not 
elose, septal openings, and other structural abnor- 
malities of the heart. Such problems ean usually 
be eorreeted surgically. ) 

In the absenee of eongenital heart problems, 
the heart usually functions smoothly throughout a 
long lifetime for most people. Homeostatie meeha- 
nisms are so effeetive that we rarely are aware of 
when the heart is working harder. The heart will 
hypertrophy and its eardiae output will inerease 
substantially if we exercise regularly and aerobi- 
eally (that is, vigorously enough to foree it to beat 
at a higher-than-normal rate for extended periods 
of time). The heart beeomes not only a more pow- 
erful pump but also a more effieient one: pulse 
rate and blood pressure deerease. An added bene- 
fit of aerobie exercise is that it elears fatty deposits 
from the blood vessel walls, helping to slow the 
progress of atheroselerosis. However, let’s raise a 
caution flag here: The onee-a-month or onee-a- 
year tennis player or snow shoveler has not built 



up this type of heart endurance and strength. 
When such an individual pushes his or her heart 
too much, it may not be able to eope with the 
sudden demand. This is why many weekend ath- 
letes are myoeardial infaretion vietims. 

As we get older, more and more signs of eardio- 
vascular system disturbances start to appear. In 
some, the venous valves weaken, and purple, 
snakelike varieose veins appear. Not everyone has 
varieose veins, but we all have progressive athero- 
selerosis. Some say the proeess begins at birth, and 
there’s an old saying that goes, “You are only as old 
as your arteries,” referring to this degenerative 
proeess. The gradual loss in elastieity in the blood 
vessels leads to hypertension and hypertensive heart 
disease. The insidious filling of the blood vessels 
with fatty, ealeified deposits leads most eommonly 
to eoronary artery disease. Also, as deseribed in 
Chapter 10, the roughening of the vessel walls 
encourages thrombus formation. At least 30 pereent 
of the population in the United States has hyperten- 
sion by the age of 50, and cardiovascular disease 
causes more than one-half of the deaths in people 
over age 65. Although the aging proeess itself eon- 
tributes to ehanges in the walls of the blood vessels 
that ean lead to strokes or myoeardial infaretions, 
most researehers feel that diet, not aging, is the sin- 
gle most important contributing faetor to eardiovas- 
cular diseases. There is some agreement that the risk 
is lowered if people eat less animal fat, eholesterol, 
and salt. Other reeommendations include avoiding 
stress, eliminating eigarette smoking, and taking part 
in a regular, moderate exercise program. 


Summan/ 

Aeeess more revievv material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included belovv. 

iP = interaetive Physiology 

The Heart (pp. 357-370) 

1. The heart, loeated in the thorax, is flanked laterally 
by the lungs and enelosed in a pericardium. 


2. The bulk of the heart (myocardium) is eomposed 
of eardiae muscle. The heart has four hollow 
ehambers—two atria (reeeiving ehambers) and two 
ventrieles (diseharging ehambers), eaeh lined with 
endocardium. The heart is divided longitudinally 
by a septum. 

ÌP Cardiovascular System Topie: Anatomy Review: 

The Heart, pp. 3-5. 

3. The heart functions as a double pump. The right 
heart is the pulmonary pump (right heart to lungs 
to left heart). The left heart is the systemie pump 
(left heart to body tissues to right heart). 
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4. Four valves prevent backflow of blood in the heart. 
The AV valves (mitral and tricuspid) prevent backflow 
into the atria when the ventrieles are eontraeting. The 
semilunar valves prevent backflow into the ventrieles 
when the heart is relaxing. The valves open and elose 
in response to pressure ehanges in the heart. 

ÌP Cardiovascular System Topie: Cardiac Cycle, p. 3. 

3. The myoeardmm is nourished by the eoronary eir- 
culation, which eonsists of the right and left eoro- 
nary arteries and their branehes, and is drained by 
the eardiae veins and the eoronary sinus. 

6. Cardiac muscle is able to initiate its own eontrae- 
tion in a regular way, but its rate is influenced by 
both intrinsie and extrinsic faetors. The intrinsie 
conduction system inereases the rate of heart eon- 
traetion and ensures that the heart beats as a unit. 
The SA node is the heart’s paeemaker. 

ÌP Cardiovascular System Topie: Intrinsie Con- 
duction System, pp. 3-6. 

7. The time and events occurring from one heartbeat 
to the next are the eardiae eyele. 

8. As the heart beats, sounds resulting from the elos- 
ing of the valves (“lub-dup”) ean be heard. Faulty 
valves reduce the effieieney of the heart as a pump 
and result in abnormal heart sounds (murmurs). 

ÌP Cardiovascular System Topie: Cardiac Cycle, 

pp. 4-10. 

9. Cardiac output, the amount of blood pumped out by 
eaeh ventriele in one minute, is the product of heart 
rate (HR) X stroke volume (SV). SV is the amount of 
blood ejeeted by a ventriele with eaeh beat. 

10. SV rises or falls with the volume of venous return. 
HR is influenced by the nerves of the autonomic 
nervous system, drugs (and other ehemieals), and 
ion levels in the blood. 

Blood Vessels (pp. 370-391) 

1. Arteries, which transport blood from the heart, and 
veins, which earry blood baek to the heart, are 
conducting vessels. Only eapillaries play a role in 
actual exchanges with tissue eells. 

2. Except for eapillaries, blood vessels are eomposed 
of three tunics: The tunica intima forms a frietion- 
reducing lining for the vessel. The tunica media is 
the bulky middle layer of muscle and elastie tissue. 
The tunica externa is the proteetive, outermost 
eonneetive tissue layer. Capillary walls are formed 
of the tunica intima only. 

ÌP Cardiovascular System Topie: Anatomy Review: 
Blood Vessel Structure and Function, pp. 3-3. 


3. Artery walls are thiek and strong to withstand pres- 
sure fluctuations. They expand and reeoil as the 
heart beats. Vein walls are thinner, their lumens 
are larger, and they are equipped with valves. 
These modifieations refleet the low-pressure 
nature of veins. 

ÌP Cardiovascular System Topie: Anatomy Review: 

Blood Vessel Structure and Function, pp. 20-22. 

4. Capillary beds have two types of vessels—a vascu- 
lar shunt and tme eapillaries, the entranees to 
which are guarded by preeapillary sphineters. 
Exchanges with tissue eells occur aeross the walls 
of the true eapillaries. When the preeapillary 
sphineters are elosed, blood bypasses the loeal 
area via the vascular shunt. 

5. Varieose veins, a strnetiiral defeet due to ineompetent 
valves, is a eommon vascular problem, espeeially in 
the obese and people who stand for long hours. It is 
a predisposing faetor for thrombophlebitis. 

6. All the major arteries of the systemie circulation 
are branehes of the aorta, which leaves the left 
ventriele. They braneh into smaller arteries and 
then into the arterioles, which feed the eapillary 
beds of the body tissues. For the names and loea- 
tions of the systemie arteries, see pp. 374-375. 

7. The major veins of the systemie circulation ulti- 
mately eonverge on one of the venae eavae. All 
veins above the diaphragm drain into the superior 
vena eava, and those below the diaphragm drain 
into the inferior vena eava. Both venae eavae enter 
the right atrium of the heart. See pp. 376-377 for the 
names and loeations of the systemie veins. 

8. The arterial circulation of the brain is formed by 
branehes of paired vertebral and internal earotid 
arteries. The eirele of Willis provides alternate 
routes for blood flow in ease of a bloekage in the 
brain’s arterial supply. 

9. The fetal circulation is a temporary circulation seen 
only in the fetus. It eonsists primarily of three spe- 
eial vessels: the single umbilical vein that earries 
nutrient- and oxygen-laden blood to the fetus from 
the plaeenta, and the two umbilical arteries that 
earry earbon dioxide and waste-laden blood from 
the fetus to the plaeenta. Shunts bypassing the 
lungs and liver are also present. 

10. The hepatie portal circulation is formed by veins 
draining the digestive organs, which empty into 
the hepatie portal vein. The hepatie portal vein 
earries the nutrient-rich blood to the liver, where it 
is proeessed before the blood is allowed to enter 
the systemie circulation. 
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11. The pulse is the alternate expansion and reeoil of a 
blood vessel wall (the pressure wave) that occurs as 
the heart beats. It may be felt easily over any super- 
fieial artery; such sites are ealled pressure points. 

12. Blood pressure is the pressure that blood exerts on 
the walls of the blood vessels. It is the foree that 
causes blood to continue to flow in the blood ves- 
sels. It is high in the arteries, lower in the eapillar- 
ies, and lowest in the veins. Blood is foreed along 
a deseending pressure gradient. Both systolie and 
diastolie pressures are reeorded. 

ÌP Cardiovascular System Topie: Measuring Blood 
Pressure, pp. 3-8. 

13- Arterial blood pressure is direetly influenced by 
heart aetivity (inereased heart rate leads to in- 
ereased blood pressure) and by resistanee to blood 
flow. The most important faetors inereasing the 
peripheral resistanee are a deerease in the diameter 
or stretehiness of the arteries and arterioles and an 
inerease in blood viseosity. 

14. Many faetors influence blood pressure, including 
the aetivity of the sympathetie nerves and kidneys, 
dmgs, and diet. 

13. Hypertension, which refleets an inerease in periph- 
eral resistanee, strains the heart and damages blood 
vessels. In most eases, the preeise cause is unknown. 

16. Substances move to and from the blood and tissue 
eells through eapillary walls. Some substances are 
transported in vesieles, but most move by diffu- 
sion—direetly through the endothelial eell plasma 
membranes, through intercellular elefts, or through 
fenestrations. Fluid is foreed from the bloodstream 
by blood pressure and drawn baek into the blood 
by osmotie pressure. 

Developmental Aspeets of the Cardiovascular 

System (pp. 391-393) 

1. The heart begins as a tubelike structure that is 
beating and pumping blood by the fourth week of 
embryonie development. 

2. Congenital heart defeets account for half of all 
infant deaths resulting from eongenital problems. 

3. Arterioselerosis is an expected consequence of ag- 
ing. Gradual loss of elastieity in the arteries leads to 
hypertension and hypertensive heart disease, and 
elogging of the vessels with fatty substances leads 
to eoronary artery disease and stroke. Cardiovascu- 
lar disease is an important cause of death in indi- 
viduals over age 63. 

4. Modifieations in diet (deereased fats, eholesterol, 
and salt), stopping smoking, and regular aerobie 


exercise may help to reverse the atheroselerotie 
proeess and prolong life. 

Review Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. Freshly oxygenated blood transported from the 
hrngs is first reeeived by the 

a. right ventriele. e. right atrium. 

b. left ventriele. d. left atrium. 

2. Given an end-diastolie volume of 150 ml, an end- 
systolie volume of 50 ml, and a heart rate of 60 bpm, 
the eardiae output is 

a. 600 ml/min. e. 1200 ml/min. 

b. 6 liters/min. d. 3 liters/min. 

3. Which of the following depolarizes next after the 
AV node? 

a. Atrial myoeardmm 

b. Ventricular myocardium 
e. Bundle branehes 

d. AV bundle 

4. During atrial systole, 

a. the atrial pressure exceeds ventricular pressure. 

b. 70 pereent of ventricular filling occurs. 

e. the AV valves are open. 

d. valves prevent backflow into the great veins. 

5. Atrial repolarization eoineides in time with the 

a. P wave. e. QRS wave. 

b. T wave. d. P-Q interval. 

6. Soon after the onset of ventricular systole, the 

a. AV valves elose. 

b. semihmar valves open. 

e. first heart sound is heard. 

d. aortie pressure inereases. 

7. The base of the heart is its_surface. 

a. diaphragmatie e. anterior 

b. superior d. inferior 

8. In eomparing a parallel artery and vein, you would 
find that 

a. the artery wall is thieker. 

b. the artery diameter is greater. 

e. the artery lumen is smaller. 

d. the artery endothelium is thieker. 
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9. Which of these vessels is bilaterally symmetrieal 
(i.e., one vessel of the pair occurs on eaeh side of 
the body)? 

a. Internal earotid artery 

b. Braehioeephalie tmnk 
e. Azygos vein 

d. Renal vein 


10. A stroke that oeehides a posterior eerebral artery 
will most likely affeet 

a. hearing. e. smell. 

b. vision. d. higher thought proeesses. 

11. Vessels involved in the circulatory pathway to 
and/or from the brain are the 

a. braehioeephalie artery. 

b. subclavian artery. 

e. internal jugular vein. 

d. internal earotid artery. 

12. Which layer of the artery wall thiekens most in ath- 
eroselerosis? 

a. Tunica media e. Tunica adventitia 

b. Tunica intima d. Tunica externa 

13- Which of the following are assoeiated with aging? 

a. inereasing blood pressure 

b. Weakening of venous valves 

e. Arterioselerosis 

d. Collapse of the ductus arteriosus 

14. An inerease in BP would be caused by all of the 
following except 

a. inerease in SV. 

b. inerease in heart rate. 

e. hemorrhage. 

d. vasoeonstrietion of the arterioles. 


13. The most external part of the pericardium is the 

a. parietal layer of serous pericardium. 

b. fibrous pericardium. 

e. viseeral layer of serous pericardium. 
d. epicardium. 


16. Which heart ehamber pumps blood with the great- 
est amount of foree? 

a. Right atrium e. Left atrium 

b. Right ventriele d. Left ventriele 



How many cusps 
valve have? 

a. Two 

b. Three 


does the right atrioventricular 

e. Four 
d. Six 


18. Which layer of the heart wall is an endothelium? 

a. Endocardium e. Epicardium 

b. Myocardium d. Pericardium 

Short Ansvver Essay 

19. Draw a diagram of the heart showing the three lay- 
ers eomposing its wall and its four ehambers. Label 
eaeh. Show where the AV and semihmar valves are. 
Show and label all blood vessels entering and leav- 
ing the heart ehambers. 

20. Traee one drop of blood from the time it enters the 
right atrium of the heart until it enters the left 
atrium. What is this circuit ealled? 

21. What is the function of the fluid that fills the peri- 
eardial sae? 

22. Define systole and diastole. 

23. Define stroke volume and eardiae eyele. 

24. How does the heart’s ability to eontraet differ from 
that of other muscles of the body? 

23. Name the elements of the intrinsie conduction sys- 
tem, in order, beginning with the paeemaker. 

26. Name three different faetors that inerease heart rate. 

27. Name and deseribe from the inside out the three 
tunics making up the walls of arteries and veins, 
and give the most important function of eaeh layer. 

28. Deseribe the structure of eapillary walls. 

29. Why are artery walls so much thieker than those of 
eorresponding veins? 

30. Name three faetors that are important in promoting 
venous return. 

31. Arteries are often deseribed as vessels that earry 
oxygen-rich blood, and veins are said to earry 
oxygen-poor (earbon dioxide-rich) blood. Name 
two sets of exceptions to this rule that were dis- 
cussed in this ehapter. 

32. Traee a drop of blood from the left ventriele of the 
heart to the wrist of the right hand and baek to the 
heart. Now traee it to the dorsum of the right foot 
and baek to the right heart. 

33. What is the function of the hepatie portal circula- 
tion? In what way is a portal circulation a “strange” 
circulation? 

34. In a fetus, the liver and lungs are almost entirely 
bypassed by blood. Why is this? Name the vessel 
that bypasses the liver. Name two lung bypasses. 
Three vessels travel in the umbilical eord; which of 
these earries oxygen- and nutrient-rich blood? 


Chapter 11: The Cardiovascular System 


397 


35. Define pulse. Palpate your pulse. Which pulse point 
did you use? 

36. Which artery is palpated at the front of the ear? At 
the baek of the knee? 

37. Define systolie pressure and diastolie pressure. 

38. Two elements determine blood pressure—the ear- 
diae output of the heart and the peripheral resis- 
tanee, or frietion, in the blood vessels. Name two 
faetors that inerease eardiae output. Name two fae- 
tors that inerease peripheral resistanee. 

39. In which position—sitting, lying down, or standing 
—is the blood pressure normally highest? Lowest? 
Explain why. 

40. What is different about the eapillary exchanges seen 
in a eapillary with fenestrations and intercellular 
elefts and the exchanges seen in a eapillary laeking 
those modifieations? 

41. What are varieose veins? What faetors seem to pro- 
mote their formation? 

42. Explain why blood flow in arteries is pulsatile and 
blood flow in veins is not. 

43. What is the relationship between eross-seetional 
area of a blood vessel and veloeity (speed) of blood 
flow in that vessel? 

44. Which type of blood vessel is most important in 
regulating vascular resistanee, and how does it 
aehieve this? 

Cri tieal Thinking and 
dinieal Applieation 
Questions 

45. John is a 30-year-old male who is ovenveight and 
smokes. He has been diagnosed with hypertension 
and arterioselerosis . Define eaeh of these eondi- 
tions. How are they often related? Why is hyperten- 
sion ealled the “silent killer”? Name three ehanges 
in your lifestyle that might help prevent eardiovas- 
cular disease in your old age. 


46. Mrs. Hamad, a middle-aged woman, is admitted to 
the eoronary eare unit with a diagnosis of left ven- 
tricular failure resulting from a myoeardial infare- 
tion. Her ehart indieates that she was awakened in 
the middle of the night by severe ehest pain. Her 
skin is pale and eold, and moist sounds of pul- 
monary edema are heard over the lower regions of 
both lungs. Explain how failure of the left ventriele 
might cause these signs and symptoms. 

47. Linda, a 14-year-old girl undergoing a physieal 
examination before being admitted to summer 
eamp, was found to have a loud heart murmur at 
the seeond intereostal spaee on the left side of the 
sternum. The murmur takes the form of a swishing 
sound with no high-pitehed whistle. What, exactly, 
is producing the murmur? 

48. Mrs. Johnson is brought to the emergeney room 
after being involved in an auto aeeident. She is hem- 
orrhaging and has a rapid, thready pulse, but her 
blood pressure is still within normal limits. Deseribe 
the eompensatory meehanisms that are maintaining 
her blood pressure in the faee of blood loss. 

49. During a lethal heart attaek, a blood elot lodges in 
the first part of the circumflex braneh of the left 
eoronary artery, bloeking blood flow through this 
vessel. What parts of the heart will beeome 
isehemie and die? 

50. Mr. Grimaldi was previously diagnosed as having a 
posterior pituitary tumor that causes hyperseeretion 
of ADH. He eomes to the elinie regularly to have 
his blood pressure eheeked. Would you expect his 
blood pressure to be ehronieally elevated or 
depressed? Why? 

51. Grandma tells Suzy not to swim for 30 minutes after 
eating. Explain why taking a vigorous swim imme- 
diately after lunch is more likely to cause indiges- 
tion than eramping of your rmiseles. 

52. The guards at the royal palaee in London stand at 
attention while on duty. On a very hot day, it is not 
unusual for one (or more) to beeome lightheaded 
and faint. Explain this phenomenon. 












FHNlTION prei/ieiá/ 

The lymphatie system returns leaked plasma to the blood vessels after eleansing it of 
baeteria and other foreign matter. It also provides sites for surveillance by immune 
system eells. 

The innate defenses hinder pathogen entry, prevent the spread of disease-causing 
mieroorganisms, and strengthen the immune response. 

The adaptive defenses proteet against disease by destroying “foreign” eells and by 
inaetivating toxins and other foreign ehemieals with antibodies. 


THE LYMPHATK SYSTEM 

Explain how the lymphatie system is functionally 
related to the cardiovascular and immune systems. 

Name the two major types of structures eomposing 
the lymphatie system. 

Deseribe the source of lymph, and explain its 
formation and transport. 


They ean’t all be superstars! When we mentally 
tiek off the names of the body’s organ systems, the 
lymphatie (lim-fat'ik) system is probably not 
the first to eome to mind. Yet without this quietly 
working system, our cardiovascular system would 
stop working, and our immune system would be 
hopelessly impaired. The lymphatie system actu- 
ally eonsists of two semi-independent parts: (1) a 





399 


Chapter 12: The Lymphatie System and Body Defenses 


meandering network of lymphatie vessels and 
(2) varioias lymphoid tissues and organs seattered 
throughout the body. The lymphatie vessels trans- 
port baek to the blood fluids that have eseaped 
from the blood vascular system. The lymphoid 
tissues and organs house phagoeytie eells and 
lymphoeytes, which play essential roles in body 
defense and resistanee to disease. 

Lymphatie Vessels 

As blood circulates through the body, exchanges 
of nutrients, wastes, and gases occur between the 
blood and the interstitial fluid. As explained in 
Chapter 11, the hydrostatie and osmotie pressures 
operating at eapillary beds foree fluid out of the 
blood at the arterial ends of the beds (“upstream”) 
and cause most of the expelled fluid to be reab- 
sorbed at the venous ends (“downstream”). The 
fluid that remains behind in the tissue spaees, as 
much as 3 L daily, beeomes part of the interstitial 
fluid. This leaked fluid, as well as any plasma pro- 
teins that eseape from the blood, must be earried 
baek to the blood if the vascular system is to have 
sufficient blood volume to operate properly. If it 
does not, fluid accumulates in the tissues, produc- 
ing edema. Excessive edema impairs the ability of 
tissue eells to make exchanges with the interstitial 
fluid and ultimately the blood. The function of the 
lymphatie vessels is to form an elaborate drainage 
system that pieks up this excess tissue fluid, now 
ealled lymph (lymph = elear water), and returns it 
to the blood (Figure 12.1). 

The lymphatie vessels, also ealled lymphaties, 
form a one-way system, and lymph flows only 
toward the heart. The mieroseopie, blind-ended 
lymph eapillaries weave between the tissue eells 
and blood eapillaries in the loose eonneetive tis- 
sues of the body (Figure 12.1 and Figure 12.2a) 
and absorb the leaked fluid. Although similar to 
blood eapillaries, lymphatie eapillaries are so 
remarkably permeable that they were onee 
thought to be open at one end like a straw. Not 
so—instead, what we find is that the edges of the 
endothelial eells forming their walls loosely over- 
lap one another, forming flaplike minivalves 
(Figure 12.2b) that aet as one-way swinging doors. 
The flaps, anehored by fine eollagen fibers to sur- 
rounding structures, gape open when the fluid 
pressure is higher in the interstitial spaee, allowing 
fluid to enter the lymphatie eapillary. However, 
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Figure 12.1 Relationship of lymphatie vessels 
to blood vessels. Beginning at the bottom of this 
figure, we see that lymph, which begins as tissue 
fluid derived from blood eapillaries, enters the lymph 
eapillaries, travels through the lymphatie vessels and 
lymph nodes, and enters the bloodstream via the great 
veins at the root of the neek. 


when the pressure is higher inside the lymphatie 
vessels, the endothelial eell flaps are foreed to- 
gether, preventing the lymph from leaking baek 
out and foreing it along the vessel. 

Proteins, and even larger partieles such as eell 
debris, baeteria, and vimses, are normally pre- 
vented from entering blood eapillaries, but they 
enter the lymphatie eapillaries easily, particularly 
in inflamed areas. But there is a problem here— 
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(a) (b) 

Figiire 12.2 Distribution and speeial structural features of lymphatie 
eapillaries. (a) Structural relationship betvveen blood eapillaries and lymph eapillaries. 
Blaek arrovvs indieate direetion of fluid movement. (b) Lymph eapillaries begin as 
blind-ended tubes. The endothelial eells forming their vvalls overlap one another, forming 
flaplike minivalves. 


baeteria, vimses, and eaneer eells that enter the 
lymphaties ean then use them to travel throughout 
the body. This dilemma is partly resolved by the 
faet that lymph takes “detours” through the lymph 
nodes, where it is eleansed of debris and “exam- 
ined” by eells of the immune system, as we 
explain in more detail shortly. 

Lymph is transported from the lymph eapillar- 
ies through successively larger lymphatie vessels, 
referred to as lymphatie eolleeting vessels, until 
it is finally returned to the venous system through 
one of the two large ducts in the thoraeie region. 
The right lymphatie duct drains the lymph from 
the right arm and the right side of the head and 
thorax. The large thoraeie duct reeeives lymph 
from the rest of the body, as shown in Figure 12-3. 
Both ducts empty the lymph into the subclavian 
vein on their own side of the body. 

Like veins of the cardiovascular system, lym- 
phatie vessels are thin walled, and the larger ones 
have valves. The lymphatie system is a low- 
pressure, pumpless system. Lymph is transported 
by the same meehanisms that aid return of venous 
blood—the milking aetion of the skeletal muscles 
and pressure ehanges in the thorax during breathing 


(that is, the muscular and respiratory a pumps”). In 
addition, smooth muscle in the walls of the larger 
lymphaties eontraets rhythmieally, actually helping 
to “pump” the lymph along. 

DID YOU GET IT 

1. VVhat is the fmetion of lymphatie vessels? 

2 . How do lymphatie eapillaries and blood eapillaries 
differ structurally from eaeh other? 

For answers, see Appendix D. 

Lymph Nodes 

Deseribe the function(s) of lymph nodes, tonsils, the 
thymus, Peyer’s patehes, and the spleen. 

The lymphoid tissues and organs are more elosely 
related to the immune system than to the eardio- 
vascular system. The lymph nodes in particular 
help proteet the body by removing foreign mate- 
rial such as baeteria and tumor eells from the lym- 
phatie stream and by producing lymphoeytes that 
hanetion in the immune response. 

As lymph is transported toward the heart, it 
is filtered through the thousands of lymph nodes 
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What would be the consequence of bloekage ofthe thoraeie duct? 
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Figure 12.3 Distribiition of lymphatie vessels and lymph nodes. 


that cluster along the lymphatie vessels (see 
Figure 12.1). Particularly large clusters are found 
in the inguinal, axillary, and eervieal regions of 
the body (see Figure 12.3). Within the lymph 
nodes are maerophages (mak'ro-fàj-ez), which 
engulf and destroy baeteria, vimses, and other 
foreign substances in the lymph before it is 
returned to the blood. Collections of lym- 
phoeytes (a type of white blood eell) are also 
strategieally loeated in the lymph nodes and 
respond to foreign substances in the lymphatie 
stream. Although we are not usually aware of 
the proteetive nature of the lymph nodes, most 
of us have had “swollen glands” during an aetive 
infeetion. What are actually swollen in these 
eases are not glands at all but rather nodes of 


the lymphatie system. (The term swollen glands 
is a historieal misnomer.) This swelling of the 
lymph nodes results from the trapping function 
of the nodes. 

Lymph nodes vaiy in shape and size, but most 
are kidney-shaped, less than 1 ineh (approximately 
2.5 eentimeters [em]) long, and “buried” in the eon- 
neetive tissue that surrounds them. Eaeh node is 
surrounded by a fibrous eapsnle from which 
strands ealled trabeenlae (trah-bek'yu-le) extend 
inward to divide the node into a number of eom- 
partments (Figure 12.4). The internal framework is 
a network of soft reticular eonneetive tissue that 
supports a continually ehanging population of lym- 
phoeytes. (As deseribed in ehapter 10, lymphoeytes 
arise from the red bone marrow but then migrate to 
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What is the benefit of having fewer efferent than afferent 
m lymphatie vessels? 


Afferent 
lymphatie 
vessels 



Afferent 
lymphatie 


vesse s 




Germinal 
eenter in 
folliele 


Capsule 




Subcapsular 




sinus 


Trabecula 



Efferent 


lymphatie 

vessels 


Cortex 


Folliele 


Hilum 


Medullary sinus 
Medullary eord 


Figure 12.4 Structure of a lymph node. 

Longitudinal seetion of a lymph node and assoeiated 
lymphaties. Notiee that several afferent lymphaties 
enter the node, whereas fewer efferent lymphaties exit 
at its hilum. 


the lymph nodes and other lymphoid organs, 
where they proliferate further.) 

The outer part of the node, its cortex, eon- 
tains eolleetions of lymphoeytes ealled follieles, 
many of which have dark-staining eenters ealled 
germinal eenters. These eenters enlarge when 
speeifie lymphoeytes (the B eells) are generating 
daughter eells ealled plasma eells, which release 
antibodies. The rest of the eortieal eells are lym- 
phoeytes a in transit,” the so-ealled T eells that eir- 
culate continuously between the blood, lymph 
nodes, and lymphatie stream, performing their 
surveillance role. Phagoeytie maerophages are 
loeated in the eentral medulla of the lymph node. 
(We discuss the preeise roles of the eells of the 
lymph nodes in immunity shortly.) 

Lymph enters the convex side of a lymph 
node through afferent lymphatie vessels. It 
then flows through a number of simises that 
meander through the lymph node and finally exits 
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from the node at its intended region, the hilum 
(hi'lum), via efferent lymphatie vessels. Be- 

cause there are fewer efferent vessels draining the 
node than afferent vessels feeding it, the flow of 
lymph through the node is very slow, kind of like 
what happens when you pour something into a 
funnel. This allows time for the lymphoeytes and 
maerophages to srnvey and perform their protee- 
tive functions. Generally speaking, lymph passes 
through several nodes before its eleaning proeess 
is eomplete. 

HOMEOSTATIC IMBALANCE 

Lymph nodes help rid the body of 
infectious agents and eaneer eells, but sometimes 
they are overwhelmed by the very agents they are 
tiying to destroy. For example, when large num- 
bers of baeteria or vimses are trapped in the 
nodes, the nodes beeome inflamed and tender to 
the touch. The lymph nodes ean also beeome see- 
ondary eaneer sites, particularly in eaneers that use 
lymphatie vessels to spread throughout the body. 
The faet that eaneer-infiltrated lymph nodes are 
swollen but not painful helps to distinguish ean- 
cerous lymph nodes from those infeeted by 
mieroorganisms. I 

Other Lymphoid Organs 

Lymph nodes are just one of the many types of 
lymphoid organs in the body. Others are the 
spleen, thymus, tonsils, and Peyer’s patehes and 
the appendix of the intestine (Figure 12.5), as well 
as bits of lymphoid tissue seattered in the epithe- 
lial and eonneetive tissues. The eommon feature 
of all these organs is a predominanee of reticular 
eonneetive tissue and lymphoeytes. Although all 
lymphoid organs have roles in proteeting the 
body, only the lymph nodes filter lymph. 

The spleen is a soft, blood-rieh organ that fil- 
ters blood. It is loeated in the left side of the 
abdominal eavity, just beneath the diaphragm, and 
curls around the anterolateral aspeet of the stom- 
aeh. Instead of filtering lymph, the spleen filters 
and eleanses blood of baeteria, vimses, and other 
debris. As with the other lymphoid organs, the 
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spleen provides a site for lymphoeyte proliferation 
and immune surveillance, but its most important 
function is to destroy worn-out red blood eells 
and return some of their breakdown products to 
the liver. For example, iron is used again for mak- 
ing hemoglobin, and the rest of the hemoglobin 
molecule is seereted in bile. 

Other functions of the spleen include storing 
platelets and aeting as a blood reservoir (as does 
the liver). During hemorrhage, both the spleen 
and the liver eontraet and empty their eontained 
blood into the circulation to help bring the blood 
volume baek to normal levels. In the fetus, the 
spleen is an important hematopoietie (blood 
eell-forming) site, but as a mle the adult spleen 
only produces lymphoeytes. 

The thymus, which functions at peak levels 
only during youth, is a lymphoid mass found low 
in the throat overlying the heart. As deseribed in 
Chapter 9, the thymus produces hormones, 
thymosin and others, that function in the program- 
ming of eertain lymphoeytes so they ean earry out 
their proteetive roles in the body. (The program- 
ming enables the lymphoeytes to distinguish 
between our own eells and substances that are 
foreign to the body.) 

The tonsils are small masses of lymphoid tis- 
sue that ring the pharynx (the throat), where they 
are found in the mucosa. Their job is to trap and 
remove any baeteria or other foreign pathogens 
entering the throat. They earry out this function so 
effieiently that sometimes they beeome eongested 
with baeteria and beeome red, swollen, and sore, 
a eondition ealled tonsillitis. 

Peyer’s patehes, which resemble tonsils, are 
found in the wall of the distal part of the small 
intestine. Lymphoid follieles are also heavily eon- 
eentrated in the wall of the appendix, a tubelike 
offshoot of the first part of the large intestine. The 
maerophages of Peyer’s patehes and the appendix 
are in an ideal position to capture and destroy 
baeteria (always present in tremendous numbers 
in the intestine), thereby preventing them from 
penetrating the intestinal wall. Peyer’s patehes, 
the appendix, and the tonsils are part of the 
eolleetion of small lymphoid tissues referred to 
as mucosa-associated lymphoid tissue (MALT). 
Collectively, MALT aets as a sentinel to proteet the 
upper respiratory and digestive traets from the 
never-ending attaeks of foreign matter entering 
those eavities. 
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Appendix 


Figure 12.5 Lymphoid organs. Loeations of the 
tonsils, spleen, thymus, Peyer’s patehes, and appendix. 


Now that we have set the stage on which many 
of the body’s defense meehanisms play their roles, 
we are ready to eonsider that topie in more detail. 

DID YOU GET IT 

3. In vvhieh three regions of the body are the lymph 
nodes most dense? 

4. What anatomieal eharaeteristie ensures that lymph 
flovvs through the lymph nodes slovvly? 

5. Which lymphoid organ gets rid of aged red blood 
eells? 

6 . What is MALT? 

For answers, see Appendix D. 

PARTII:BODYDEFENSES 

Every seeond of every day, an army of hostile bae- 
teria, vimses, and fungi swarms on our skin and 
invades our inner passageways—yet we stay 
amazingly healthy most of the time. The body 
seems to have developed a single-minded 
approaeh toward such foes—if you’re not with us, 
then you’re against us! 

The body’s defenders against these tiny but 
mighty enemies are two systems, simply ealled the 
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Figure 12.6 An overview of the body’s defenses. 


innate and the adaptive defense systems (Figure 
12.6). Together they make up the immune sys- 
tem. The innate defense system, also ealled the 
nonspeeifìe defense system, responds immedi- 
ately to proteet the body from all foreign sub- 
stanees, whatever they are. You could say that we 
eome fully equipped with our innate defenses, 
which are provided by intaet skin and mucous 
membranes, by the inflammatory response, and by 
a number of proteins produced by body eells. This 
innate system reduces the workload of the seeond 
proteetive arm, the adaptive defense system, by 
preventing entry and spread of mieroorganisms 
throughout the body. 

The adaptive, or speeifìe, defense system 

mounts the attaek against partienlar foreign sub- 
stanees. Although eertain body organs (lymphoid 
organs and blood vessels) are intimately involved 
with the immune response, the immune system is a 
fimetional system rather than an organ system in 
an anatomieal sense. Its a structures” are a variety of 
molecules and trillions of immune eells that inhabit 
lymphoid tissues and organs and circulate in body 
fluids. The most important of the immune eells are 
lymphoeytes, dendritie eells, and maerophages ; 
maerophages actually play an important role in 
both systems. 

When our immune system is operating effee- 
tively, it proteets us from most baeteria, vimses, 
transplanted organs or grafts, and even our own 
eells that have turned against us (eaneer eells). 
The immune system does this both direetly, by eell 
attaek, and indireetly, by releasing mobilizing 
ehemieals and proteetive antibody molecules. The 
resulting highly speeifie resistanee to disease is 
ealled immunity ( immun = free). 


Unlike the innate defenses, which are always 
prepared to defend the body, the adaptive system 
must first “meet” or be primed by an initial expo- 
sure to a foreign substance (antigen) before it ean 
proteet the body against the invader. Nonetheless, 
what the adaptive system laeks in speed it makes 
up for in the preeision of its counterattacks. 
Although we will eonsider them separately, keep 
in mind that innate and adaptive defenses always 
work hand-in-hand to proteet the body. 


DID YOU GET IT 



7. How do the innate and adaptive defenses differ? 

For the answer, see Appendix D. 


Innate Body Defenses 

Some innate resistanee to disease is inherited. For 
instanee, there are eertain diseases that humans 
never get, such as some forms of tuberculosis 
that affeet birds. Most often, however, the term 
innate or nonspeeifie hody defense refers to the 
meehanieal barriers that eover body surfaces and 
to the eells and ehemieals that aet on the initial 
battlefronts to proteet the body from invading 
pathogens (harmful or disease-causing mieroor- 
ganisms). Table 12.1 (p. 410) provides a more 
detailed summary of the most important innate 
defenses. 

Surface Membrane Barriers 

Deseribe the proteetive functions of skin and mucous 

membranes. 
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The body’s first line ofdefense against the invasion 
of disease-causing mieroorganisms is the skin and 
mucous membranes. As long as the skin is unbro- 
ken, its keratinized epidermis is a strong physieal 
barrier to most mieroorganisms that swarm on the 
skin. Intaet mucous membranes provide similar 
meehanieal barriers within the body. Reeall that 
mucous membranes line all body eavities open to 
the exterior: the digestive, respiratory, urinary, and 
reproductive traets. Besides serving as physieal 
barriers, these membranes produce a variety of 
proteetive seeretions: 

1. The aeidie pH of skin seeretions and usually of 
urine (pH of 3-5) inhibits baeterial growth, 
and sebum eontains ehemieals that are toxic to 
baeteria. Vaginal seeretions of adult females 
are also very aeidie. 

2 . The stomaeh mucosa seeretes hydroehlorie 
aeid and protein-digesting enzymes. Both kill 
pathogens. 

3. Saliva and laerimal fluid eontain lysozyme, an 
enzyme that destroys baeteria. 

4. Stieky mucus traps many mieroorganisms that 
enter digestive and respiratory passageways. 

Some mucosae also have structural modifiea- 
tions that fend off potential invaders. Mucus-coated 
hairs inside the nasal eavity trap inhaled partieles, 
and the respiratory traet mucosa is eiliated. The 
eilia sweep dust- and baeteria-laden mucus superi- 
orly toward the mouth, preventing it from entering 
the lungs, where the warm, moist environment 
provides an ideal site for baeterial growth. 

Although the surface barriers are quite effee- 
tive, they are broken from time to time by small 
nieks and cuts resulting, for example, from bmsh- 
ing your teeth or shaving. When this happens and 
mieroorganisms do invade deeper tissues, the 
internal innate meehanisms eome into play. 

Internal Defenses: Cells and 
ehemieals 

For its seeond line of defense, the body uses an 
enormous number of eells and ehemieals to pro- 
teet itself. These defenses rely on the destmetive 
powers of phagoeytes and natural killer eells , on 
the inflammatory response, and on a variety of 
ehemieal substances that kill pathogens and help 
repair tissue. Fever is also eonsidered to be a non- 
speeifie proteetive response. 
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Natural Killer Cells 

Explain the role of natural killer eells. 

Natural killer (NK) eells, sometimes ealled the 
“pit bulls of the defense system,” roam the body in 
blood and lymph. They are a unique group of 
lymphoeytes that ean lyse and kill eaneer eells, 
vims-infeeted body eells, and some other nonspe- 
eifie targets well before the adaptive arm of the 
immune system is enlisted in the fight. Unlike the 
lymphoeytes of the adaptive system, which ean 
reeognize and eliminate only speeifie vims- 
infeeted or tumor eells, natural killer eells are far 
less pieky. They ean aet spontaneously against 
any such target by reeognizing eertain sugars on 
the “intmder’s” surface as well as its laek of eertain 
“self’ eell surface molecules. NK eells are not 
phagoeytie. They attaek the target eell’s membrane 
and release a lytie ehemieal ealled perforins. 
Shortly thereafter, the target eell’s membrane and 
nucleus disintegrate. NK eells also release power- 
ful inflammatory ehemieals. 

Inflammatory Response 

Deseribe the inflammatory proeess. 

The inflammatory response is a nonspeeifie 
response that is triggered whenever body tissues 
are injured (Figure 12.7). For example, it occurs in 
response to physieal trauma, intense heat, and irri- 
tating ehemieals, as well as to infeetion by vimses 
and baeteria. The four most eommon indieators, or 
eardinal signs , of an acute inflammation are 
redness, heat (inflamm = set on fire), sivelling, 
and pain. It is easy to understand why these signs 
and symptoms occur, onee you understand the 
events of the inflammatory response. 

The inflammatory proeess begins with a ehemieal 
“alarm.” When eells are injured, they release inflam- 
matory ehemieals, including histamine and kinins 
(ki'ninz), that (1) cause blood vessels in the involved 
area to dilate and eapillaries to beeome leaky, 
(2) aetivate pain reeeptors, and (3) attraet phagoeytes 
and white blood eells to the area. (This third phe- 
nomenon is ealled chemotaxis because the eells are 
following a ehemieal gradient.) Dilation of the blood 
vessels inereases the blood flow to the area, account- 
ing for the redness and heat observed. Inereased 
permeability of the eapillaries allows plasma to leak 
from the blood into the tissue spaees, causing loeal 
edema (swelling) that also aetivates pain reeeptors in 
the area. If the swollen, painful area is a joint, its 
function (movement) may be impaired temporarily. 
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Figure 12-7 Flowchart of inflammatory events. The four most eommon 
indieators (eardinal signs) of acute inflammation are shown in red boxes. Limitation 
of joint movement (red outlined box) occurs in some eases and is eonsidered to be 
the fifth eardinal sign of acute inflammation. 


This forees the injured part to rest, which aids heal- 
ing. Some authorities eonsider limitation of joint 
movement to be an additional (fifth) eardinal sign 
of infiammation. 

The inflammatory response prevents the 
spread of damaging agents to nearby tissues, dis- 
poses of eell debris and pathogens, and sets the 
stage for repair. Let’s look at how it aeeomplishes 
these tasks (Figure 12-8). Onee the inflammatory 
proeess has begun: 


© Neutrophils, responding to a gradient of dif- 
fusing inflammatory ehemieals, enter the blood 
from the bone marrow and roll along the 


blood vessel walls following the “seent. 




(g) At the point where the ehemieal signal is the 
strongest, they flatten out and squeeze 
through the eapillary walls, a proeess ealled 

diapedesis. 
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chemotaxs 


ehemieals diffusing 
from the inflamed 
site aet as ehemotaetie 
agents 


Neutrophils 




0 Enter blood from bone marrovv (( 2 )Diapedesis 

■ ■■■ _ ■ ■ ■■ ^ 


and roll along the vessel wall 




Capillary wall—^ 



Endothelium 
Basement membrane 


Figure 12.8 Phagoeyte mobilization. 


(5) Still drawn by the gradient of inflammatory 
ehemieals, the neutrophils gather in the pre- 
eise site of tissue injury (a proeess ealled 
positive chemotaxis), and within an hour 
after injury has occurred, they are busily 
devouring any foreign material present. 

As the counterattack continues, monoeytes 
follow the neutrophils into the inflamed area. 
Monoeytes are fairly poor phagoeytes, but within 
12 hours after entering the tissues they beeome 
maerophages with insatiable appetites. The 
maerophages continue to wage the battle, replae- 
ing the short-lived neutrophils on the battlefield. 
Maerophages are the eentral aetors in the final dis- 
posal of eell debris as the inflammation subsides. 

Besides phagoeytosis, other proteetive events 
are also occurring at the infiamed site. Clotting 
proteins, leaked into the area from the blood, are 
aetivated and begin to wall off the damaged area 
with fibrin to prevent the spread of pathogens or 
harmful agents to neighboring tissues. The fibrin 
mesh also forms a seaffolding for permanent 


repair. The loeal heat inereases the metabolie rate 
of the tissue eells, speeding up their defensive 
aetions and repair proeesses. 

If the damaged area eontains pathogens that 
have previously invaded the body, the third line 
of defense also eomes into play—the adaptive 
response mediated by lymphoeytes. Both protee- 
tive antibodies and T eells (T lymphoeytes) 
invade the area to aet speeifieally and direetly 
against the damaging agents. (We will look at this 
response shortly.) 

HOMEOSTATIC IMBALANOE 

In severely infeeted areas, the battle 
takes a eonsiderable toll on both sides, and ereamy, 
yellow pus may form in the wound. Pus is a mix- 
ture of dead or dying neutrophils, broken-down tis- 
sue eells, and living and dead pathogens. If the 
inflammatory meehanism fails to fully elear the area 
of debris, the sae of pus may beeome walled off, 
forming an ahseess. Surgical drainage of abseesses 
is often neeessary before healing ean occur. I 
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(a) A maerophage (purple) uses its eytoplasmie 
extensions to pull spherieal baeteria (green) 
toward it. Seanning eleetron mierograph (2550x). 


Figure 12.9 Phagoeytosis by a maerophage. 

DID YOU GET IT 

8 . What are the four eommon indieators of inflammation? 

For the answer, see Appendix D. 

Phagoeytes 

Explain the importanee of phagoeytes. 

Pathogens that make it through the meehanieal 
barriers are eonfronted by phagoeytes (fa'go- 
sítz"; phago = eat) in nearly every body organ. A 
phagoeyte, such as a maerophage or nentrophil, 
engulfs a foreign partiele much the way an 
amoeba ingests a food partiele (Figure 12.9). 
Flowing eytoplasmie extensions bind to the parti- 
ele and then pull it inside, enelosing it in a vae- 
uole. The vacuole is then fused with the enzymatie 
eontents of a lysosome, and its eontents are broken 
down, or digested. 

Antimierobial Proteins 

Name several antimierobial substances produced by 
the body that aet in innate body defense. 


© Phagoeyte 
adheres to 
pathogens. 

@ Phagoeyte 
engulfs the 
partieles, forming 
a phagosome. 

© Lysosome 
fuses with the 
phagoeytie vesiele, 
forming a 
phagolysosome. 


Lysosomal 
enzymes digest 
the pathogens or 
debris, leaving a 
residual body. 

(5) Exocytosis of 
the vesiele 
removes 
indigestible and 
residual material. 


A variety of antimierobial proteins enhanee the 
innate defenses either by attaeking mieroorganisms 
direetly or by hindering their ability to reproduce. 
The most important of these are eomplement pro- 
teins and interferon. 

Oomplement The term eomplement refers to a 
group of at least 20 plasma proteins that circu- 
late in the blood in an inaetive state. However, 
when eomplement beeomes attaehed, or fixed, 
to foreign eells such as baeteria, fungi, or mis- 
matehed red blood eells, it is aetivated and 
beeomes a major faetor in the fight against the 
foreign eells. This eomplement fixation occurs 
when eomplement proteins bind to eertain sug- 
ars or proteins (such as antibodies) on the for- 
eign eell’s surface. One result of eomplement 
fixation is the formation of membrane attaek 
complexes (MAC) that produce lesions, eom- 
plete with holes, in the foreign eell’s surface 
(Figure 12.10). These lesions allow water to 
rush into the eell, causing it to burst. Aetivated 
eomplement also amplifies the inflammatory 
response. Some of the molecules released during 




Phagosome 

(phagoeytie 

vesiele) 


ysosome 


Aeid- 

hydrolase 

enzymes 


(b) Events of phagoeytosis 
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Antibodies 
attaehed to 
pathogen’s 
membrane 


Membrane attaek 
complex forming 



Aetivated eomplement proteins attaeh to pathogen’s 
membrane in step-by-step sequence, forming a 
membrane attaek complex (a MAC attaek). 


MAC pores in the 
membrane lead to 
fluid flows that cause 
eell lysis. 


Figure 12.10 Aetivation of eomplement, resulting in lysis of a target eell. 


the aetivation proeess are vasodilators, and 
some are chemotaxis ehemieals that attraet neu- 
trophils and maerophages into the region. Still 
others cause the eell membranes of the foreign 
eells to beeome stieky so they are easier to phago- 
eytize; this effeet is ealled opsonization. Although 
the eomplement attaek is often direeted against 
speeifie mieroorganisms that have been “identi- 
fied” by antibody binding, eomplement itself is a 
nonspeeifie defensive meehanism that “eomple- 
ments,” or enhanees, the effeetiveness of both 
innate and adaptive defenses. 

Interferon Vimses—essentially nucleic aeids 

surrounded by a protein eoat—laek the cellular 
maehinery required to generate ATP or make 
proteins. They do their “dirty work” in the body 
by entering tissue eells and taking over the cellu- 
lar maehinery needed to reproduce themselves. 
Although the virus-infected eells in an infeeted 
person ean do little to save themselves, they 
help defend eells that have not yet been infeeted 
by seereting small proteins ealled interferons 
(in-ter-feer'onz). The interferon molecules 
diffuse to nearby eells and bind to their mem- 
brane reeeptors. This binding stimulates the 


synthesis of proteins that “interfere” with the 
ability of vimses to multiply within these still- 
healthy eells. 

Fever 

Deseribe how fever helps proteet the body. 

Fever, or abnormally high body temperature, is a 
systemie response to invading mieroorganisms. 
As we deseribe further in ehapter 14, body 
temperature is regulated by a part of the hypo- 
thalamus, eommonly referred to as the body’s 
“thermostat.” Normally the thermostat is set at 
approximately 37°C (98.6°F), but it ean be reset 
upward in response to pyrogens (pyro = fire), 
ehemieals seereted by white blood eells and 
maerophages exposed to foreign eells or sub- 
stanees in the body. 

Although high fevers are dangerous because 
excess heat “serambles” enzymes and other body 
proteins, mild or moderate fever seems to benefit 
the body. Baeteria require large amounts of iron and 
zine to multiply, but during a fever the liver and 
spleen gather up these nutrients, making them less 
available. Fever also inereases the metabolie rate of 
tissue eells in general, speeding up repair proeesses. 
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Table 12.1 Summary of Innate (Nonspeeifie) Body Defenses 

Category and assoeiated elements 

Proteetive meehanism 

Surface Membrane Barriers—First Line of Defense 

intaet skin (epidermis) 

Forms meehanieal barrier that prevents entry of pathogens and other 
harmful substances into body. 

• Aeid mantle 

Skin seeretions make epidermal surface aeidie, which inhibits baeterial 
growth; sebum also eontains baeteria-killing ehemieals. 

• Keratin 

Provides resistanee against aeids, alkalis, and baeterial enzymes. 

intaet mucous membranes 

Form meehanieal barrier that prevents entry of pathogens. 

• Mucus 

Traps mieroorganisms in respiratory and digestive traets. 

• Nasal hairs 

Filter and trap mieroorganisms in nasal passages. 

• Cilia 

Propel debris-laden mucus away from lower respiratory passages. 

• Gastrie juice 

Contains eoneentrated hydroehlorie aeid and protein-digesting 
enzymes that destroy pathogens in stomaeh. 

• Aeid mantle of vagina 

Inhibits growth of baeteria and fungi in female reproductive traet. 

• Laerimal seeretion (tears); 
saliva 

Continuously lubricate and eleanse eyes (tears) and oral eavity (saliva); 
eontain lysozyme, an enzyme that destroys mieroorganisms. 

Cellular and Chemical Defenses- 

-Seeond Line of Defense 

Phagoeytes 

Engulf and destroy pathogens that breaeh surface membrane barriers; 
maerophages also contribute to immune response. 

Natural killer eells 

Promote eell lysis by direet eell attaek against virus-infected or eaneer- 
ous body eells; do not depend on speeifie antigen reeognition. 

Inflammatory response 

Prevents spread of injurious agents to adjaeent tissues, disposes of 
pathogens and dead tissue eells, and promotes tissue repair; releases 
ehemieal mediators that attraet phagoeytes (and immune eells) 
to the area. 

Antimierobial ehemieals 


• Complement 

Group of plasma proteins that lyses mieroorganisms, enhanees phago- 
eytosis by opsonization, and intensifies inflammatory response. 

• Interferons 

Proteins released by virus-infected eells that proteet uninfected tissue 
eells from viral takeover; mobilize immune system. 

• Fluids with aeid pH 

Normally aeid pH inhibits baeterial growth; urine eleanses the lower 
urinary traet as it flushes from the body. 

Fever 

Systemie response triggered by pyrogens; high body temperature inhibits 
multiplication of baeteria and enhanees body repair proeesses. 
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DID YOU GET IT 


9. How does eomplement cause lysis of a pathogenie 
mieroorganism? 

10. Which type of infectious mieroorganism causes the 
body’s level of interferons to rise? 

For answers, see Appendix D 


Adaptive Body Defenses 

Most of us would find it wonderfully eonvenient if 
we could walk into a single elothing store and buy 
a eomplete wardrobe—hat to shoes—that fit us “to 
a T” regardless of any speeial figure problems. We 
know that such a serviee would be next to impos- 
sible to find—-yet we take for granted our built-in 
speeifie defense system, which stalks and elimi- 
nates with nearly equal preeision almost any type 
of pathogen that intmdes into the body. 

The immune system’s response to a threat, 
ealled the immune response, involves tremen- 
dously inereased internal nonspeeifie defenses 
(infiammatory responses and others) and also pro- 
vides proteetion that is carefully targeted against 
speeifie antigens. Fmthermore, the initial exposure 
to an antigen “primes” the body to reaet more vig- 
orously to later meetings with the same antigen. 

Sometimes referred to as the body’s third line 
of defense (see Figrne 12.6), the speeifie defense 
system is a functional system that reeognizes for- 
eign molecules (antigens) and aets to inaetivate 
or destroy them. Normally it proteets us from a 
wide variety of pathogens, as well as from abnor- 
mal body eells. When it fails, malfunctions, or 
is disabled, some of the most devastating dis- 
eases—such as eaneer. rheumatoid arthritis. and 


AIDS—may result. 

Although immnnology, the study of imimmity, 
is a fairly new seienee, the aneient Greeks knew 
that onee someone had suffered through a eertain 
infectious disease, that person was unlikely to 
have the same disease again. The basis of this 
immunity was revealed in the late 1800s, when it 
was shown that animals smviving a serious baete- 
rial infeetion have “faetors” in their blood that pro- 
teet them from future attaeks by the same 
pathogen. (These faetors are now known to be 
unique proteins ealled antibodiesd Furthermore, it 
was demonstrated that if antibody-eontaining 
semm from the surviving animals (immune semm) 
was injeeted into animals that had not been 


exposed to the pathogen, those animals would 
also be proteeted. These landmark experiments 
revealed three important aspeets of the adaptive 
defense: 

1. It is antigen speeifìe —It reeognizes and aets 
against partienlar pathogens or foreign sub- 
stanees. 

2. It is systemie —Immunity is not restrieted to 
the initial infeetion site. 

3. It has “memory” —It reeognizes and mounts 
even stronger attaeks on previously encoun- 
tered pathogens. 

This was exciting news. But then, in the mid- 
1900s, it was diseovered that injeetion of semm 
eontaining antibodies did not always proteet a 
reeipient from diseases the donor had smvived. In 
such eases, however, injeetion of the donor’s lym- 
phoeytes did provide immunity. 

As the pieees began to fall into plaee, two sepa- 
rate but overlapping arms of the adaptive defense 
system were reeognized. Humoral (hu'mor-al) 
immunity, also ealled antibody-mediated immu- 
nity, is provided by antibodies present in the body’s 
“humors,” or fluids. When lymphoeytes themselves 
defend the body, the imimmity is ealled either 
cellular immunity or eell-mediated immunity 
because the proteetive faetor is living eells. The eel- 
lular arm also has cellular targets—vims-infeeted tis- 
sue eells, eaneer eells, and eells of foreign grafts. 
The lymphoeytes aet against such targets either 
direetly, by lysing the foreign eells, or indireetly, by 
releasing ehemieals that enhanee the inflammatory 
response or aetivate other immune eells. However, 
before we deseribe the humoral and cellular 
responses individually, we will eonsider the anti- 
gens that trigger the aetivity of the remarkable eells 
involved in these immune responses. 

Antigens 

,Z Define antigen and hapten, and name substances that 
aet as eomplete antigens. 

An antigen (an'tí-jen; Ag) is any substance eapa- 
ble of mobilizing our imimme system and provok- 
ing an imrmme response. Most antigens are large, 
complex molecules that are not normally present 
in our bodies. Consequently, as far as our immune 
system is eoneerned, they are foreign intmders, or 
nonself. An almost limitless variety of substances 
ean aet as antigens, including virtually all foreign 
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proteins, nucleic aeids, many large earbohydrates, 
and some lipids. Of these, proteins are the 
strongest antigens. Pollen grains and mieroorgan- 
isms such as baeteria, fungi, and vims partieles are 
antigenie because their surfaces bear such foreign 
molecules. 

It is also important to remember that our own 
eells are riehly studded with a variety of protein 
molecules (self-antigens). Somehow, as our 
immune system develops, it takes an inventory of 
all these proteins so that, thereafter, they are ree- 
ognized as self. Although these self-antigens do 
not trigger an immune response in us, they are 
strongly antigenie to other people. This helps 
explain why our bodies rejeet eells of transplanted 
organs or foreign grafts unless speeial measures 
(dmgs and others) are taken to eripple or stifle the 
immune response. 

As a mle, small molecules are not antigenie, but 
when they link up with our own proteins, the 
immune system may reeognize the eombination as 
foreign and mount an attaek that is harmful rather 
than proteetive. (We deseribe such reaetions, ealled 
allergies, on pp. 426-427.) In such eases, the trou- 
blesome small molecule is ealled a hapten 
(haptein = to grasp), or ineomplete antigen. 
Besides eertain dmgs, ehemieals that aet as haptens 
are found in poison ivy, animal dander, and even in 
some detergents, hair dyes, eosmeties, and other 
eommonly used household and industrial products. 

HOMEOSTATIC IMBALANOE 

Perhaps the most dramatie and familiar 
example of a dmg hapten’s provoking an immune 
response involves the binding of penieillin to 
blood proteins, which causes a penieillin reae- 
tion in some people. In such eases, the immune 
system mounts such a vicious attaek that the per- 
son’s life is endangered. I 

DID YOU GET IT 

11. What is the differenee between an antigen and a self- 
antigen? 

For the answer, see Appendix D. 

Cells of the Adaptive Defense 
System: An Overview 

,X Name the two arms of the adaptive defense system, 
and relate eaeh to a speeifie lymphoeyte type 
(B or T eell). 



Compare and eontrast the development of B and 

T eells. 

State the roles of B eells and T eells. 

Explain the importanee of APCs in immunity. 

The emeial eells of the adaptive system are lym- 
phoeytes and antigen-presenting eells (APCs). 
Lymphoeytes exist in two major “flavors.” The 
B lymphoeytes, or B eells, produce antibodies 
and oversee humoral immunity, whereas the T 
lymphoeytes, or T eells, are non-antibody- 
producing lymphoeytes that constitute the eell- 
mediated arm of the adaptive defense system. 
Unlike the two types of lymphoeytes, APCs do not 
respond to speeifie antigens but instead play an 
essential role in helping the lymphoeytes that do. 

Lymphoeytes 

Like all blood eells, lymphoeytes originate from 
hemoeytoblasts in red bone marrow. The immature 
(naive) lymphoeytes released from the marrow are 
essentially identieal. Whether a given lymphoeyte 
matures into a B eell or a T eell depends on where 
in the body it beeomes immunocompetent, that 
is, eapable of responding to a speeifie antigen by 
binding to it with antigen-speeifie reeeptors that 
appear on the lymphoeyte’s surface. T eells arise 
from lymphoeytes that migrate to the thymus 
(Figure 12.11 (T)). There they undergo a matura- 
tion proeess of 2 to 3 days, direeted by thymie hor- 
mones (thymosin and others). Within the thymus, 
the immature lymphoeytes divide rapidly and their 
numbers inerease enormously, but only those 
maturing T eells with the sharpest ability to identify 
foreign antigens srnvive. Lymphoeytes eapable of 
binding strongly with self-antigens (and of aeting 
against body eells) are vigorously weeded out 
and destroyed. Thus, the development of self- 
toleranee for the body’s own eells is an essential 
part of a lymphoeyte’s a education.” This is tme 
not only for T eells but also for B eells. B eells 
develop immunocompetence in bone marrow, 
but less is known about the faetors that regulate B 
eell maturation. 

Onee a lymphoeyte is immunocompetent, it 
will be able to reaet to one distinet antigen and 
one only, because all the antigen reeeptors on its 
external surface are the same. For example, the 
reeeptors of one lymphoeyte ean reeognize only 
a part of the hepatitis A vims, those of another 
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Red 
bone marrovv 









lmmature (naive) 
lymphoeytes 


KEY: 



Red bone marrow: site of lymphoeyte origin 



Primary lymphoid organs: site of 
development of immunocompetence as 
B or T eells 

Seeondary lymphoid organs: site of 
antigen encounter, and aetivation to 
beeome effeetor and memory B or T eells 


© Lymphoeytes destined to beeomeT eells 
migrate (in blood) to the thymus and develop 
immunocompetence there. B eells develop 
immunocompetence in red bone marrow. 




Thymus 


Bone marrovv 


Lymph nodes, 
spleen, and other 
lymphoid tissues 


( 2 ) lmmunocompetent but still naive 
lymphoeytes leave the thymus and bone 
marrovv. They “seed” the lymph nodes, 
spleen, and other lymphoid tissues, vvhere 
they encounter their antigen and beeome 
aetivated. 


(5) Antigen-aetivated (mature) 
immunocompetent lymphoeytes (effeetor 
eells and memory eells) circulate 
continuously in the bloodstream and lymph 
and throughout the lymphoid organs of the 
body. 


Figure 12.11 Lymphoeyte differentiation and aetivation. 


lymphoeyte ean reeognize only pneumococcus 
baeteria, and so forth. 

Although all the details of the maturation 
proeess are still beyond our grasp, we know that 
lymphoeytes beeome immunocompetent before 
meeting the antigens they may later attaek. Thus, it 
is our genes, not antigens, that determine what spe- 
eifie foreign substances our immune system will be 
able to reeognize and resist. Only some of the 


possible antigens our lymphoeytes are pro- 
grammed to resist will ever invade our bodies. 
Consequently, only some members of our army of 
imimmoeompetent eells will be mobilized during 
our lifetime. The others will be forever idle. As usual, 
our bodies have done their best to proteet us. 

After they beeome immunocompetent, both 
T eells and B eells migrate to the lymph nodes and 
spleen (and loose eonneetive tissues), where their 
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encounters with antigens will occur (Figure 12.11 
®). Then, when the lymphoetyes bind with ree- 
ognized antigens, they eomplete their differentia- 
tion into fully mature T eells and B eells. 

Antigen-Presenting Cells 

The major role of antigen-presenting eells 
(APCs) in immunity is to engulf antigens and then 
present fragments of them, like signal flags, on 
their own surfaces where they ean be reeognized 
by T eells. In other words, they present antigens to 
the eells that will deal with the antigens. The 
major types of eells aeting as APCs are dendritie 
eells (present in eonneetive tissues and in the epi- 
dermis, where they are also ealled Langerhans 
eells ), maerophages, and B lymphoeytes. 

Notiee that all these eell types are in sites that 
make it easy to encounter and proeess antigens. 
Dendritie eells are at the body’s frontiers, best situ- 
ated to aet as mobile sentinels. Maerophages are 
widely distributed throughout the lymphoid organs 
and eonneetive tissues, where they aet as phago- 
eytes in the innate defense system. 

When they present antigens, dendritie eells and 
maerophages aetivate T eells. Aetivated T eells, in 

turn, release ehemieals (see Table 12.3, pp. 424-425) 

that prod maerophages to beeome aetivated 
maerophages, tme “killers” that are insatiable 
phagoeytes and seerete baeterieidal ehemieals. As 
you will see, interaetions between various lympho- 
eytes, and between lymphoeytes and APCs, under- 
line virtually all phases of the immune response. 

Maerophages tend to remain fixed in the lym- 
phoid organs (as if waiting for antigens to eome to 
them), but lymphoeytes, espeeially T eells, circu- 
late continuously through the body (Figure 12.11 
©). This makes sense because circulating greatly 
inereases a lymphoeyte’s ehanee of eoming into 
eontaet with antigens eolleeted by the lymph eap- 
illaries from the tissue spaees, as well as with huge 
numbers of maerophages and other lymphoeytes. 

In addition to T eell recirculation and passive 
delivery of antigens to lymphoid organs by lym- 
phaties, there is a third delivery system—migration 
of dendritie eells to seeondary lymphoid organs. 
With their long, wispy extensions, dendritie eells 
are very effieient antigen eatehers. Onee they have 
engulfed antigens by phagoeytosis, they enter 
nearby lymphaties to get to the lymphoid organ 
where they will present the antigens to T eells. 
Indeed, dendritie eells are the most effeetive antigen 


presenters known—it’s their only job. Dendritie 
eells are a key link between innate and adaptive 
immunity. They initiate adaptive immune responses 
particularly tailored to the type of pathogen that 
they have encountered. 

To summarize, the adaptive immune system is 
a two-fisted defensive system, with a humoral arm 
and a eelhilar arm, that uses lymphoeytes, APCs, 
and speeifie molecules to identify and destroy all 
substances—both living and nonliving—that are in 
the body but are not reeognized as self. The 
immune system’s ability to respond to such threats 
depends on the ability of its eells (1) to reeognize 
foreign substances (antigens) in the body by bind- 
ing to them and (2) to communicate with one 
another so that the system as a whole mounts a 
response speeifie to those antigens. 


DID YOU GET IT 



12. VVhat are the two types of lymphoeytes involved in 
adaptive immune responses, and how do their 
functions in body proteetion differ? 

13. VVhere does the “programming” phase leading to 
immunocompetence occur for T eells? 

14. VVhat is the essential role of maerophages and 
dendritie eells in adaptive immunity? 

For answers, see Appendix D. 


Hiimoral (Antibody-Mediated) 
lmmune Response 

,Z Define humoral immunity. 

,z State the role of plasma eells. 

An immunocompetent but as yet immature B lym- 
phoeyte is stimulated to eomplete its development 
(into a fully mature B eell) when antigens bind to 
its surface reeeptors. This binding event sensitizes, 
or aetivates, the lymphoeyte to “switch on” and 
undergo elonal seleetion. The lymphoeyte 
begins to grow and then multiplies rapidly to form 
an army of eells all exactly like itself and bearing 
the same antigen-speeifie reeeptors (Figure 12.12). 
The resulting family of identieal eells deseended 
from the same aneestor eell is ealled a elone, and 
elone formation is the primary humoral 
response to that antigen. (As deseribed later, T eells 
also influence B eell aetivation.) 

Most of the B eell elone members, or deseen- 
dants, beeome plasma eells. After an initial lag 
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Primary Response 

(initial encounter , 
with antigen) . 





Aetivated B 
eells 



Proliferation to 
form a elone 



Antigen 

Antigen binding 
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Figure 12.12 Clonal seleetion of a B eell. The initial meeting with the antigen 
stimulates the primary response in which the B eell divides rapidly, forming a elone of 
like eells (elonal seleetion), most of which beeome antibody-producing plasma eells. Cells 
that do not differentiate into plasma eells beeome memory eells, which are primed to 
respond to subsequent exposures to the same antigen. Should such a meeting occur, 
the memory eells quickly produce more memory eells and larger numbers of effeetor 
plasma eells with the same antigen speeifieity. Responses generated by memory eells are 
ealled seeondary responses. 


period, these antibody-producing “faetories” swing 
into aetion, producing the same highly speeifie 
antibodies at an unbelievable rate of about 2000 
antibody molecules per seeond. (The B eells them- 
selves produce only very small amounts of anti- 
bodies.) However, this flurry of aetivity lasts only 
4 or 5 days; then the plasma eells begin to die. 
Antibody levels in the blood during this primary 
response peak about 10 days after the response 
begins and then slowly deeline (Figure 12.13). 


B eell elone members that do not beeome 
plasma eells beeome long-lived memory eells 
eapable of responding to the same antigen at 
later meetings with it. Memory eells are responsi- 
ble for the immunological memory mentioned 
earlier. These later immune responses, ealled 
seeondary humoral responses, are produced 
much faster, are more prolonged, and are more 
effeetive than the events of the primary response 
because all the preparations for this attaek have 
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Figure 12.13 Primary and seeondary humoral 
responses to an antigen. In the primary response, 
the level of antibodies in the blood gradually rises and 
then rapidly deelines. The seeondary response is both 
more rapid and more intense, and antibody levels 
remain high for a much longer time. 
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Figure 12.14 Types of acquired immunity. 

Orange boxes signify aetive types of immunity in which 
immunological memory is established. Gold boxes 
signify the short-lived passive types of immunity; no 
immunological memory is established. 


already been made. Within hours after reeogni- 
tion of the “old-enemy” antigen, a new army of 
plasma eells is being generated, and antibodies 
flood into the bloodstream. Within 2 to 3 days, 
blood antibody levels peak (at much higher 
levels than seen in the primary response), and 
their levels remain high for weeks to months. 
We will deseribe how antibodies proteet the 
body shortly. 


DID YOU GET IT 



15. The eoneentration of antibodies in John’s lymphatie 
stream is inereasing rapidly. VVhieh eells would you 
expect to be inereasing in number—B eells, plasma 
eells, or T eells? 

For the answer, see Appendix D. 


Aetive and Passive Humoral Imrrmnity 

Explain the function(s) of antibodies and deseribe 
elinieal uses of monoelonal antibodies. 

Distinguish between aetive and passive immunity. 

When your B eells encounter antigens and pro- 
duce antibodies against them, you are exhibiting 

aetive immunity (Figure 12.14). Aetive immu- 
nity is (1) naturally acquired during baeterial 
and viral infeetions, during which we may 


develop the signs and symptoms of the disease 
and suffer a little (or a lot), and (2) artifieially 
acquired when we reeeive vaeeines. It makes 
little differenee whether the antigen invades the 
body under its own power or is introduced in the 
form of a vaeeine. The response of the immune 
system is pretty much the same. Indeed, onee it 
was reeognized that seeondary responses are so 
much more vigorous, the raee was on to develop 
vaeeines to “prime” the immune response by pro- 
viding a first meeting with the antigen. Most vae- 
eines eontain pathogens that are dead or 
attenuated (living, but extremely weakened). 

We reeeive two benefits from vaeeines: (1) they 
spare us most of the signs and symptoms (and dis- 
eomfort) of the disease that would otherwise 
occur during the primary response and (2) the 
weakened antigens are still able to stimulate anti- 
body production and promote immunological 
memory. So-ealled booster shots, which may inten- 
sify the immune response at later meetings with 
the same antigen, are also available. Vaeeines have 
virtually wiped out smallpox and are currently 
available against mieroorganisms that cause pneu- 
monia, polio, tetanus, diphtheria, whooping 
cough, measles, and many other diseases. In the 
United States, many potentially serious ehildhood 
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diseases have been dramatieally reduced by aetive 
immunization programs. 

Passive immunity is quite different from 
aetive immunity, both in the antibody source and 
in the degree of proteetion it provides (see Figure 
12.14). Instead of being made by your plasma 
eells, the antibodies are obtained from the semm 
of an immune human or animal donor. As a result, 
your B eells are not ehallenged by the antigen, 
immunological memory does not occur, and the 
temporary proteetion provided by the “borrowed 
antibodies” ends when they naturally degrade in 
the body. 

Passive immunity is eonferred naturally on a 
fetus when the mother’s antibodies eross the pla- 
eenta and enter the fetal circulation, and after birth 
during breastfeeding. For several months after 
birth, the baby is proteeted from all the antigens to 
which the mother has been exposed. 

Passive immunity is artifieially eonferred when 
a person reeeives immune semm or gamma globu- 
lin. Gamma globulin is eommonly administered 
after exposure to hepatitis. Other immune sera are 
used to treat poisonous snake bites (an antivenom ), 
botulism, rabies, and tetanus (an antitoxin ) 
because these diseases will kill a person before 
aetive immunity ean be established. The donated 
antibodies provide immediate proteetion, but their 
effeet is short-lived (2 to 3 weeks). Meanwhile, 
however, the body’s own defenses take over. 

In addition to their use to provide passive 
immunity, antibodies are prepared eommereially 
for use in researeh, in elinieal testing for diagnostie 
purposes, and in treating eertain eaneers. 
Monoelonal antibodies used for such purposes 
are deseendants of a single eell and are pure anti- 
body preparations that exhibit speeifieity for one, 
and only one, antigen. Besides their use in deliver- 
ing eaneer-fighting dmgs to cancerous tissue, 
monoelonal antibodies are being used for early 
eaneer diagnosis and to traek the extent of eaneers 
hidden deep within the body. They are also used 
for diagnosing pregnaney, hepatitis, and rabies. 

Antibodies 

Deseribe the structure of an antibody monomer. 

List the five antibody elasses, and deseribe their 

speeifie roles in immunity. 

Deseribe several ways in which antibodies aet against 

antigens. 


Antibodies, also referred to as immunoglobulins 

(im"mu-no-glob'u-linz), or Igs, constitute the 
gamma globnlin part of blood proteins. Antibodies 
are soluble proteins seereted by aetivated B eells or 
by their plasma-eell offspring in response to an 
antigen, and they are eapable of binding speeifi- 
eally with that antigen. 

Antibodies are formed in response to a huge 
number of different antigens. Despite their variety, 
they all have a similar basie anatomy that allows 
them to be grouped into five Ig elasses, eaeh 
slightly different in structure and function. 

Basie Antibody Structure Regardless of its elass, 

every antibody has a basie structure eonsisting of 
four amino aeid (polypeptide) ehains linked 
together by disulfide (sulfur-to-sulfur) bonds 
(Figure 12-15). Two of the four ehains are identi- 
eal and eontain approximately 400 amino aeids 
eaeh; these are the heavy ehains. The other two 
ehains, the light ehains, are also identieal to eaeh 
other but are only about half as long as the heavy 
ehains. When the four ehains are eombined, the 
antibody molecule formed has two identieal 
halves, eaeh eonsisting of a heavy and a light 
ehain, and the molecule as a whole is eommonly 
deseribed as being T- or Y-shaped. 

When seientists began investigating antibody 
stmetiire, they diseovered something very peculiar. 
Eaeh of the four ehains forming an antibody had a 
variable (V) region at one end and a much larger 
eonstant (C) region at the other end. Antibodies 
responding to different antigens had different vari- 
able regions, but their eonstant regions were the 
same or nearly so. This made sense when it was dis- 
eovered that the variable regions of the heavy and 
light ehains in eaeh arm eombine their efforts to 
form an antigen-binding site (Figure 12.15) 
uniquely shaped to “fit” its speeifie antigen. Henee, 
eaeh antibody has two such antigen-binding regions. 

The eonstant regions that form the “stem” of 
an antibody ean be eompared to the handle of a 
key. A key handle has a eommon function for all 
keys: it allows you to hold the key and plaee its 
tumbler-moving portion into the loek. Similarly, 
the eonstant regions of the antibody ehains serve 
eommon functions in all antibodies: they deter- 
mine the type of antibody formed (antibody elass), 
as well as how the antibody elass will earry out its 
immune roles in the body, and the eell types or 
ehemieals with which the antibody ean bind. 
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(a) (b) 

Figure 12.15 Basie antibody structure. (a) Computer-generated image. 

(b) Simplified diagram. The monomer of eaeh type of antibody is formed by four 
polypeptide ehains (two light ehains and two heavy ehains) that are joined by disulfide 
bonds. Eaeh ehain has a variable (V) region (antigen-binding sites that differ in different 
antibodies) and a eonstant (C) region (essentially identieal in different antibodies of 
the same elass). 


DID YOU GET IT r 

16. VVhat is the importanee of the variable region of 
antibodies? 

For the answer, see Appendix D. 

Antibody eiasses There are five major immu- 
noglobulin elasses—IgM, IgA, IgD, IgG, and IgE. 
(Remember the woman’s name MADGE to reeall 
the five Ig types.) As illustrated in Table 12.2, 
IgD, IgG, and IgE antibodies have the same basie 
Y-shaped structure deseribed above and are 
referred to as monomers. IgA antibodies occur in 
both monomer and dimer (two linked monomers) 
forms. (Only the dimer form is shown in the 
table.) Compared to the other antibodies, IgM anti- 
bodies are huge. Because they are eonstmeted of 
five linked monomers, IgM antibodies are ealled 
pentamers (penta = five). 

The antibodies of eaeh elass have slightly differ- 
ent biologieal roles and loeations in the body. For 
example, IgG is the most abundant antibody in 
blood plasma and is the only type that ean eross the 
plaeental barrier. Henee, the passive imimmity that a 
mother transfers to her fetus is “with the eompli- 
ments” of her IgG antibodies. Only IgM and IgG ean 


fix eomplement. The IgA dimer, sometimes ealled 
seeretory IgA, is found mainly in mucus and other 
seeretions that bathe body surfaces. It plays a major 
role in preventing pathogens from gaining entry into 
the body. IgE antibodies are the “troublemaker” 
antibodies involved in allergies. These and other 
eharaeteristies unique to eaeh of the immunoglobu- 
lin elasses are summarized in Table 12.2. 

DID YOU GET IT 

17. VVhieh elass of antibody is found in saliva and tears? 

For the answer, see Appendix D. 

Antibody Fimetion Antibodies inaetivate antigens 

in a number of ways—by eomplement fixation, 
neutralization, agglutination, and preeipitation 
(Figure 12.16). Of these, eomplement fixation 
and neutralization are most important to body 
proteetion. 

Complement is the ehief antibody ammunition 
used against cellular antigens, such as baeteria or 
mismatehed red blood eells. As noted earlier, eom- 
plement is fixed (aetivated) during innate defenses. 
It is also aetivated very effieiently when it binds to 
antibodies attaehed to cellular targets. This triggers 
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eomplement and agglutination aid phagoeytosis, but they assist ít in different 
ways. What is this differenee? 
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Figure 12.16 Meehanisms of antibody aetion. 


events (deseribed earlier) that result in lysis of the 
foreign eell and release of molecules that tremen- 
dously enhanee the inflammatory proeess. 

Neutralization occurs when antibodies bind 
to speeifie sites on baeterial exotoxins (toxic ehem- 
ieals seereted by baeteria) or on vimses that ean 
cause eell injury. In this way, they bloek the harm- 
ful effeets of the exotoxin or vims. 

Because antibodies have more than one antigen- 
binding site, they ean bind to more than one anti- 
gen at a time; consequently, antigen-antibody 
complexes ean be eross-linked into large lattiees. 


When the eross-linking involves cell-bound anti- 
gens, the proeess causes clumping of the foreign 
eells, a proeess ealled agglutination. This type 
of antigen-antibody reaetion occurs when mis- 
matehed blood is transfused (the foreign red 
blood eells are clumped) and is the basis of tests 
used for blood typing. When the eross-linking 
proeess involves soluble antigenie molecules, the 
resulting antigen-antibody complexes are so large 
that they beeome insoluble and settle out of solu- 
tion. This eross-linking reaetion is more preeisely 
ealled preeipitation. There is little question that 
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Table 12.2 lmmunoglobulin eiasses 


Class Generalized structure Where found 

Biologieal function 








Virtually always attaehed 
to B eell. 



Attaehed to B eell; 
free in plasma. 


Believed to be eell surface reeeptor 
of immunocompetent B eell; 
important in aetivation of B eell. 

When bound to B eell membrane, 
serves as antigen reeeptor; first Ig 
elass released to plasma by plasma 
eells during primary response; 
potent agglutinating agent; fixes 
eomplement. 






Most abundant antibody 
in plasma; represents 
75-85% of circulating 
antibodies. 

Some (monomer) in 
plasma; dimer in seeretions 
such as saliva, tears, 
intestinal juice, and milk. 

Seereted by plasma eells 
in skin, mucosae of 
gastrointestinal and 
respiratory traets, and 
tonsils. 


Main antibody of both primary and 
seeondary responses; erosses 
plaeenta and provides passive 
immunity to fetus; fixes 
eomplement. 

Bathes and proteets mucosal 
surfaces from attaehment of 
pathogens 

Binds to mast eells and basophils, 
and triggers release of histamine 
and other ehemieals that mediate 
inflammation and eertain allergie 
responses. 


agglutinated baeteria and immobilized (preeipi- 
tated) antigen molecules are much more easily 
captured and engulfed by the body’s phagoeytes 
than are freely moving antigens. 

DID YOU GET IT 

18. Regarding the aetion of antibodies, what is 
neutralization? 

For the answer, see Appendix D. 

Cellular (Cell-Mediated) 
lmmune Response 

Distinguish between the roles of helper, regulatory, 
and cytotoxic T eells. 

Like B eells, immunocompetent T eells are aeti- 
vated to form a elone by binding with a “reeog- 


nized” antigen (see Figure 12.19, p. 423). However, 
unlike B eells, T eells are not able to bind with free 
antigens. Instead, the antigens must be “presented” 
by a maerophage (or by other antigen-presenting 
eells), and a douhle reeognition must occur. The 
APC engulfs an antigen, and proeesses it internally. 
Parts of the proeessed antigen are then displayed 
on the external surface of the presenting eell in 
eombination with one of the APC’s own proteins 
(Figure 12.17) 

Apparently, a T eell must reeognize “nonself,” 
the antigen fragment presented by the APC, and 
also “self” by coupling with a speeifie glyeoprotein 
on the APC’s surface at the same time. Antigen bind- 
ing alone is not enough to sensitize T eells. They 
must be “spoon-fed” the antigens by APCs, and 
something like a “double handshake” must occur. 
Although this idea seemed preposterous when it 
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Figure 12.17 T eell aetivation and interaetions with other eells of the immune 
response. Dendritie eells are important as antigen presenters (APCs). After they have 
ingested an antigen, they display parts of it on their surface, where it ean be reeognized 
by a helper T eell that bears reeeptors for the same antigen. During the binding proeess, 
the T eell binds simultaneously to the antigen and to the APC (self) reeeptor, which leads 
to T eell aetivation and eloning (not illustrated). If the APC is a maerophage, it releases 
eytokines, which enhanee T eell aetivation. Aetivated helper T eells release eytokines, 
which stimulate proliferation and aetivity of other helper T eells and help aetivate B eells 
and cytotoxic T eells. 


was first suggested, there is no longer any question 
that antigen presentation is essential for aetivation 
and elonal seleetion of the T eells. Without the “pre- 
senters,” the immune response is severely impaired. 
Cytokine ehemieals released by maerophages and 
dendritie eells also play important roles in the im- 
mune response, as shown in Table 12.3 (p. 424). 

The different elasses of T eell elones, which 
provide for eell-mediated imimmity, are a diverse 
lot and produce their deadly effeets in a variety 
of ways (see Table 12.3). Some are cytotoxic 
(killer) T eells, eells that speeialize in killing 
vims-infeeted, eaneer, or foreign graft eells (Figure 
12.18). One way a cytotoxic T eell aeeomplishes 
this is by binding tightly to a foreign eell and 
releasing toxic ehemieals ealled perforins and 
granzymes from its granules. The perforins enter 
the foreign eell’s plasma membrane (delivering the 
so-ealled lethal hit). Shortly thereafter, pores 
appear in the target eell’s membrane, allowing the 
granzymes (protein-digesting enzymes) to enter 
and kill the foreign eell. The cytotoxic T eell then 
detaehes and seeks other foreign prey to attaek. 

Helper T eells are the T eells that aet as the 
“direetors” or “managers” of the immune system. 


Onee aetivated, they circulate through the body, 
reemiting other eells to fight the invaders. For 
example, helper T eells interaet direetly with B eells 
(that have already attaehed to antigens), prodding 
the B eells into more rapid division (elone produc- 
tion) and then, like the “boss” of an assembly line, 
signaling for antibody formation to begin. The 
helper T eells also release a variety of eytokine 
ehemieals (see Table 12.3) that aet indireetly to rid 
the body of antigens by (1) stimulating cytotoxic 
T eells and B eells to grow and divide; (2) attraeting 
other types of proteetive white blood eells, such as 
neutrophils, into the area; and (3) enhaneing the 
ability of maerophages to engulf and destroy 
mieroorganisms. (Actually, the maerophages are 
pretty good phagoeytes even in the absenee of 
eytokines, but in the presenee of eytokines they 
develop an enormous appetite.) As the released 
eytokines summon more and more eells into the 
battle, the imirnme response gains momentum, and 
the antigens are overwhelmed by the sheer num- 
bers of imimme elements aeting against them. 

Another T eell population, the regulatory 
T eells, formerly ealled suppressor T eells, releases 
ehemieals that suppress the aetivity of both T and 
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Figure 12.18 A proposed meehanism by vvhieh cytotoxic T eells 
kill target eells. 


B eells. Regulatory T eells are vital for winding 
down and finally stopping the immune response 
after an antigen has been successfully inaetivated 
or destroyed. This helps prevent uncontrolled or 
unnecessary immune system aetivity. 

Most of the T eells enlisted to fight in a partie- 
ular immune response are dead within a few days. 
However, a few members of eaeh elone are long- 
lived memory eells that remain behind to pro- 
vide the imiminologieal memory for eaeh antigen 
encountered and enable the body to respond 
quickly to subsequent invasions. 

A summary of the major elements of the 
imimine response appears in Figure 12.19. 


DfD YOU GET IT 



19. T eells must take part in what is sometimes ealled the 
double handshake in order to be aetivated. What 
does this mean? 

20. How is the lethal hit aeeomplished? 

21. What is the role of regulatory T eells in the adaptive 
immune response? 

For ansvvers, see Appendix D. 


Organ Transplants and Rejeetion 

For people suffering with end-stage heart or kid- 
ney disease, organ transplants are a desirable 
treatment option. However, organ transplants have 
had mixed success because the immune system is 
ever vigilant, and rejeetion is a real problem. 

Essentially there are four major types of grafts: 

1. Autografts are tissue grafts transplanted from 
one site to another in the same person. 

2. Isografts are tissue grafts donated by a 
genetieally identieal person, the only example 
being an identieal twin. 

3. Allografts are tissue grafts taken from a per- 
son other than an identieal twin. 

4. Xenografts are tissue grafts harvested from a 
different animal speeies, such as transplanting 
a baboon heart into a human being. 

Autografts and isografts are ideal donor organs 
or tissues and are just about always successful 
given an adequate blood supply and no infee- 
tion. Although pig heart valves have been trans- 
planted with success, xenografts of whole organs 
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Figure 12.19 A summary of the adaptive immune responses. In this simple 
flowchart, green arrows traek the primary response, and blue arrows traek the seeondary 
response. 
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Table 12.3 

Functions of Cells and Molecules Involved in lmmunity 

Element 

Function in the immune response 

Cells 

B eell 

Lymphoeyte that resides in the lymph nodes, spleen, or other lymphoid tissues, 
where it is induced to replieate by antigen-binding and helper T eell interaetions; 
its progeny (elone members) form plasma eells and memory eells. 

Plasma eell 

Antibody-producing “maehine”; produces huge numbers of the same antibody 
(immunoglobulin); represents further speeialization of B eell elone deseendants. 

Helper T eell 

A T eell that binds with a speeifie antigen presented by an APC; it stimulates 
the production of other immune eells (cytotoxic T eells and B eells) to help 
fight the invader; aets both direetly and indireetly by releasing eytokines. 

Cytotoxic T eell 

Also ealled a killer T eell; aetivity enhaneed by helper T eells; its speeialty is 
killing virus-invaded body eells, as well as body eells that have beeome 
cancerous; involved in graft rejeetion. 

Regulatory T eell Slows or stops the aetivity of B and T eells onee the infeetion (or attaek by 

foreign eells) has been conquered. Thought to be important in preventing 
autoimmune diseases. 

Memory eell 

Deseendant of an aetivated B eell or T eell; generated during the initial immune 
response (primary response); may exist in the body for years thereafter, 
enabling it to respond quickly and effieiently to subsequent infeetions or 
meetings with the same antigen. 

Antigen-presenting Any of several eell types (maerophage, dendritie eell, B eell) that engulfs and 

eell (APC) digests antigens that it encounters and presents parts of them on its plasma 

membrane for reeognition by T eells bearing reeeptors for the same antigen; 
this function, antigen presentation, is essential for normal eell-mediated 
responses. Maerophages and dendritie eells also release ehemieals 
(eytokines) that aetivate many other immune eells. 

Molecules 

Antibody (immunoglobulin) Protein produced by a B eell or its plasma eell offspring and released into the 

body fluids (blood, lymph, saliva, mucus, ete.), where it attaehes to antigens, 
causing neutralization, preeipitation, or agglutination, which “marks” the 
antigens for destmetion by phagoeytes or eomplement. 

Cytokines 

Chemicals released by sensitized T eells, maerophages, and eertain other eells: 

• Migration inhibiting faetor (MIF)—“inhibits” maerophage migration and 
keeps them in the loeal area. 

• lnterleukin 2—stimulates T eells and B eells to proliferate; aetivates 

NK eells. 

• Helper faetors—enhanee antibody formation by plasma eells. 

• Suppressor faetors—suppress antibody formation or T eell-mediated 
immune responses (interleukin-10 transforming growth faetor, and others). 

• Chemotactic faetors—attraet leukocytes (neutrophils, eosinophils, and 
basophils) into inflamed area. 
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Table 12.3 

(continued) 

Element 

Function in the immune response 


• Gamma interferon—seereted by lymphoeytes; helps make tissue eells 
resistant to viral infeetion; aetivates maerophages and NK eells; enhanees 
maturation of cytotoxic T eells. 

• Perforin, granzymes—eell toxins released by cytotoxic T eells. 

Tumor neerosis 
faetor (TNF) 

Like perforin, causes eell killing; attraets granulocytes; aetivates T eells and 
maerophages. 

Complement 

Group of bloodborne proteins aetivated after binding to antibody-eovered 
antigens; when aetivated, eomplement causes lysis of the mieroorganism and 
enhanees inflammatory response. 

Antigen 

Substance eapable of provoking an immune response; typieally a large, eom- 
plex molecule not normally present in the body. 


are virtually never successful. The graft type 
most used is an allograft taken from a reeently 
deeeased person. 

Before an allograft is even attempted, the 
ABO and other blood group antigens of both the 
donor and reeipient must be determined and 
must mateh. Then, the eell membrane antigens of 
their tissue eells are typed to determine how 
elosely they mateh. At least a 75 pereent mateh is 
needed to attempt a graft; as you might guess, 
good tissue matehes between unrelated people 
are hard to find. 

After surgery, to prevent rejeetion, the patient 
reeeives immunosuppressive therapy, includ- 
ing one or more of the following: eortieosteroids 
to suppress inflammation, antiproliferative dmgs, 
radiation (X-ray) therapy, and immunosuppressor 
dmgs. Many of these dmgs kill rapidly dividing 
eells (such as aetivated lymphoeytes), and all of 
them have severe side effeets. However, the major 
problem with immunosuppressive therapy is that 
while the immune system is suppressed, it eannot 
proteet the body against other foreign agents. 
Explosive baeterial and viral infeetion is the most 
frequent cause of death in these patients. Even 
under the best eonditions, roughly 50 pereent 
of patients have rejeeted their transplant within 
10 years of reeeiving it. In rare eases, transplant 
patients have been able to “diteh the dmgs,” and 


finding a way to induce such toleranee is the goal 
of many current researeh projeets. 


DID YOU GET IT 



22 . Sheila is reeeiving a kidney transplant. The donor is 
her fraternal twin. What name is given to this type of 
graft? 

For the answer, see Appendix D. 


Disorders of lmmunity 

v' Deseribe immunodeficiencies, allergies, and 
autoimmune diseases. 

HOMEOSTATIC IMBALANCE 

The most important disorders of the 
immune system are autoimmune diseases, aller- 
gies, and immunodeficiencies. 

Autoimmune Diseases 

Oeeasionally, the immune system loses its abil- 
ity to distinguish friend from foe, that is, to tol- 
erate self-antigens while still reeognizing and 
attaeking foreign antigens. When this happens, 
the body produces antibodies ( auto-antibodies ) 
and sensitized T eells that attaek and damage its 
own tissues. This puzzling phenomenon is 
ealled autoimmune disease, because it is a 
person’s own immune system that produces the 
disorder. 
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Some 5 pereent of adults in North Ameriea— 
two-thirds of them women—are afflieted with 
autoimmune disease. Most eommon are the fol- 
lowing: 

• Rheumatoid arthritis (RA), which systemati- 
eally destroys joints (see pp. 172-173) 

• Myasthenia gravis, which impairs communi- 
eation between nerves and skeletal muscles 
(see p. 215) 

• Multiple selerosis (MS), which destroys the 
white matter (myelin sheaths) of the brain and 
spinal eord (see p. 232) 

• Graves’ disease, in which the thyroid gland 
produces excessive amounts of thyroxine, (see 

p. 318) 

• Type 1 diabetes mellitus, which destroys 
panereatie beta eells, resulting in defieient pro- 
duction of insulin (see pp. 324-325) 

• Systemie lupus erythematosus (SLE), a sys- 
temie disease that occurs mainly in young 
women and particularly affeets the kidneys, 
heart, lungs, and skin 

• Glomemlonephritis, a severe impairment of 
kidney function (see p. 535) 

Current therapies include treatments that depress 
eertain aspeets of the immune response. 

How does the normal state of self-toleranee 
break down? It appears that one of the following 
may trigger it: 

1. New self-antigens appear. Such “hidden” 
antigens are found in sperm eells, the eye lens, 
and eertain proteins in the thyroid gland. In 
addition, “new self-antigens” may appear as a 
result of gene mutations that ehange the stme- 
ture of self-proteins or as a result of alterations 
in self-proteins by hapten attaehment or by 
baeterial or viral damage. 

2. Foreign antigens resemble self-antigens. 

For instanee, antibodies produced during an 
infeetion caused by streptococcus baeteria are 
known to eross-reaet with heart antigens, caus- 
ing damage to both the heart muscle and its 
valves, as well as to joints and kidneys. This 
age-old disease is ealled rheumatic fever. 

Allergies 

At first, the immune response was thought to 
be purely proteetive. However, it was not long 


before its dangerous potentials were diseovered. 
Allergies, or hypersensitivities, are abnormally 
vigorous immune responses in which the immune 
system causes tissue damage as it fights off a per- 
eeived “threat” that would otherwise be harmless 
to the body. The term allergen («allo = altered; erg 
= reaetion) is used to distinguish this type of anti- 
gen from those producing essentially normal 
responses. People rarely die of allergies; they are 
just miserable with them. 

There are several different types of allergies, 
but the most eommon type is immediate 
hypersensitivity (Figure 12.20). This type of 
response, also ealled acute hypersensitivity, 
is triggered by the release of a flood of hista- 
mine when IgE antibodies bind to mast eells. 
Histamine causes small blood vessels in the area 
to beeome dilated and leaky and is largely to 
blame for the best-reeognized symptoms of 
allergy: a runny nose, watery eyes, and itehing, 
reddened skin (hives). When the allergen is 
inhaled, symptoms of asthma appear because 
smooth muscle in the walls of the bronehioles 
eontraets, eonstrieting the passages and restriet- 
ing air flow. Over-the-counter (OTC) anti-allergy 
drugs eontain antihistamines that counteract 
these effeets. Most of these reaetions begin 
within seeonds after eontaet with the allergen 
and last about half an hour. 

Fortunately, the bodywide, or systemie, acute 
allergie response known as anaphylaetie (an"ah- 
fi-lak-tik) shoek is fairly rare. Anaphylaetie shoek 
occurs when the allergen direetly enters the blood 
and circulates rapidly through the body, as might 
happen with eertain bee stings, spider bites, or an 
injeetion of a foreign substance (such as horse 
semm, penieillin, or other dmgs that aet as hap- 
tens) into susceptible individuals. Food allergies 
(peanut or wheat allergies) may also trigger ana- 
phylaxis. The meehanism of anaphylaetie shoek is 
essentially the same as that of loeal responses, but 
when the entire body is involved, the outcome is 
life-threatening. For example, it is difficult to 
breathe when the smooth muscles of lung pas- 
sages eontraet, and the sudden vasodilation (and 
fluid loss) that occurs may cause circulatory eol- 
lapse and death within minutes. Epinephrine is 
the dmg of ehoiee to reverse these histamine- 
mediated effeets. 
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Delayed hypersensitivities, mediated mainly 
by a speeial subgroup of helper T eells, cytotoxic 
T eells, and maerophages, take much longer to 
appear (1 to 3 days) than any of the acute reae- 
tions produced by antibodies. Instead of hista- 
mine, the ehemieals mediating these reaetions are 
eytokines released by the aetivated T eells. Henee, 
antihistamine drugs are not helpful against the 
delayed types of allergies. Corticosteroid dmgs are 
used to provide relief. 

The most familiar examples of delayed hyper- 
sensitivity reaetions are those elassed as allergie 
eontaet dermatitis, which follow skin eontaet 
with poison ivy, some heavy metals (lead, mer- 
cury, and others), and eertain eosmetie and 
deodorant ehemieals. These agents aet as haptens; 
after diffusing through the skin and attaehing to 
body proteins, they are pereeived as foreign by 
the immune system. The Mantoux and tine tests, 
skin tests for deteetion of tuberculosis, depend on 
delayed hypersensitivity reaetions. When the 
tubercle antigens are injeeted just under (or 
seratehed into) the skin, a small, hard lesion forms 
if the person has been sensitized to the antigen. 

lmmunodeficiencies 

The immunodeficiencies include both eongenital 
and acquired eonditions in which the production or 
function of immune eells or eomplement is abnor- 
mal. The most devastating eongenital eondition is 
severe eombined inmmnodefieieney disease 
(SCID), in which there is a marked defieit of both B 
and T eells. Because T eells are absolutely required 
for normal operation of both arms of the adaptive 
response, affiieted ehildren have essentially no pro- 
teetion against pathogens of any type. Minor infee- 
tions easily shmgged off by most ehildren are lethal 
to those with SCID. Bone marrow transplants and 
umbilical eord blood, which provide normal lym- 
phoeyte stem eells, have helped some SCID vietims. 
Without such treatment, the only hope for smvival is 
living behind proteetive barriers (in a plastie “bub- 
ble”) that keep out all infectious agents. 

Currently, the most important and most 
devastating of the acquired immunodeficiencies 
is acquired immune defieieney syndrome 
(AIDS). AIDS, which eripples the immune 
system by interfering with the aetivity of helper 
T eells, is highlighted in “A Closer Look” on pp. 

428-429. I 









Sensitization stage 


© Antigen (allergen 
invades body. 


(2) Plasma eells 
produce large 
amounts of elass 
IgE antibodies 
against allergen. 

(3) igE antibodies 
attaeh to mast 
eells in body 
tissues (and to 
circulating 
basophils). 
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(3) More of 
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( 5 ) Allergen 
binding to IgE 
on mast eells 
triggers release of 
histamine (and 
other ehemieals). 
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© Histamine causes blood vessels to dilate and 
beeome leaky, which promotes edema; 
stimulates release of large amounts of mucus; 
and causes smooth muscles to eontraet. 
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of fluid from mucus bronehioles 

eapillaries 


Figure 12.20 Meehanism of an immediate 
(acute) hypersensitivity response. 



















tìlDS: The Modern-Day Plaaiie 


ln Oetober 1347, several ships made 
port in Sieily, and within days all the 
sailors they earried were dead of 
bubonic plague. By the end of the 
fourteenth century, approximately 
25 pereent of the population of 
Europe had been wiped out by this 
“blaek death.” In January 1987, the 
U.S. Seeretary of Health and Human 
Serviees warned that acquired 
immune defieieney syndrome, or 
AIDS, might be the plague of our 
time. These are strong words. Are 
they true? 

Although AIDS was first identified 
in this country in 1981 among 
homosexual men and intravenous 
drug users of both sexes, it had 
begun afflieting the heterosexual 
population of Afriea several years 
earlier. AIDS is eharaeterized by 
severe weight loss, night sweats, 
swollen lymph nodes, and 
inereasingly frequent infeetions, 
including a rare type of pneumonia 
ealled pneumocystis pneumonia, an 
eye infeetion ealled eytomegalovims 
retinitis, and the bizarre malignaney 
Kaposi’s sareoma, a eaneerlike 
eondition of blood vessels 
evideneed by purple lesions of the 
skin. Some AIDS vietims develop 


slurred speeeh and severe 
dementia. The course of untreated 
AIDS is grim and thus far nearly 
ineseapable, finally ending in 
eomplete debilitation and death 
from eaneer or overwhelming 
infeetion. 

AIDS is caused by a virus 
transmitted in blood, semen, and 
possibly vaginal seeretions. Most 
eommonly, the virus enters the 
body via blood transfusions or 
blood-eontaminated needles and 
during intimate sexual eontaet in 
which the mucosa is torn or where 
open lesions caused by sexually 
transmitted infeetions allow the 
virus aeeess to the blood. It is not 
transmitted by casual eontaet, 
because the virus dries and dies 
when exposed to air. 

The virus, named HIV (human 
immunodeficiency virus), speeifieally 
targets and destroys helperT eells, 
resulting in severe depression of 
eell-mediated immunity. Without 
helper T eells, the cytotoxic T eells 
and B eells eannot be aetivated or 
maintained, and the whole immune 
system is turned topsy-turvy. It is 
now elear that the virus multiplies 
steadily in the lymph nodes 


throughout most of the ehronie 
asymptomatie period. Symptomatie 
AIDS appears when the lymph 
nodes ean no longer eontain the 
virus and the immune system 
eollapses. The virus also invades 
the brain, which accounts for the 
dementia of some AIDS patients. 
Although there are exceptions, most 
AIDS vietims have died within a few 
months to 8 years after diagnosis. 

The years sinee 1981 have 
witnessed a global AIDS epidermie. 
By the end of 2007, 33 million 
people had died of AIDS sinee it 
was first identified, and about 
33 million people were living with 
HIV worldwide, almost 90 pereent of 
them in the developing countries of 
Asia and southern Afriea. 
Furthermore, because there is a 
6 -month “window” during which 
antibodies may develop after 
exposure to HIV, there are probably 
100 asymptomatie earriers of the 
virus for every newly diagnosed 
ease. Moreover, the disease has a 
long incubation period (from a few 
months to 10 years) between 
exposure and the appearanee of 
elinieal symptoms. The Centers for 
Disease Control and Prevention 



A new HIV virus emerges from an infeeted human eell. 
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(CDC) estimate that over a million 
U.S. residents are HIV infeeted 
and that a quarter of them do 
not realize it. 

The “faee of AIDS” in the llnited 
States is ehanging. Vietims have 
begun to include people who do 
not belong to the original high-risk 
group. Before reliable testing of 
donated blood was available, some 
people eontraeted the virus from 
blood transfusions. Hemophiliaes 
have been espeeially vulnerable 
because the blood faetors they need 
are isolated from pooled blood 
donations. Although manufacturers 
began taking measures to kill the 
virus in 1984, by then an estimated 
60 pereent of the hemophiliaes in 
the llnited States were already 
infeeted. The virus ean also be 
transmitted from an infeeted mother 
to her fetus. Homosexual men still 
account for the bulk of eases 
transmitted by sexual eontaet, but 
more and more heterosexuals are 
eontraeting this disease. Particularly 
disturbing is the near-epidemie 
inerease in diagnosed eases among 
teenagers and young adults. AIDS 
is now the sixth leading killer of all 
Amerieans ages 25 to 44. 


Large-eity hospitals are seeing 
more AIDS patients daily, and 
statisties reporting the number of 
eases in inner-eity ghettos, where 
intravenous drug use is the ehief 
means of AIDS transmission, are 
alarming. Currently the drug- 
abusing community accounts 
for 25 pereent of all AIDS eases. 
Furthermore, 75 pereent of AIDS 
eases in newborns occur where 
drug abuse abounds. 

Diagnostie tests to identify 
earriers of the AIDS virus are 
inereasingly sophistieated. For 
example, a urine test provides a 
painless alternative to the standard 
HIV tests. However, no sure cure 
has yet been found. Over 100 drugs 
are now in the U.S. Food and Drug 
Administration pipeline, and 
several vaeeines are undergoing 
elinieal trials. 

Now elinieally available are 
several antiviral drugs (named 
like alphabet soups) that aet by 
inhibiting the enzymes that the HIV 
virus needs to multiply in body eells. 
The reverse transeriptase inhibitors, 
such as AZT, were early on the 
seene. AZT has been followed by 
others, including ddC and 3TC. 


These were followed by protease 
inhibitors (saquinavir, ritonavir, and 
others). New to the seene are fusion 
inhibitors, which bloek the vims’s 
entry into the eell in the first plaee. 
Combination therapy using drugs 
from eaeh elass delivers a one-two 
punch to the HIV virus, at least for 
a while. Combination therapy 
postpones drug resistanee (a 
problem with single drug therapy 
using AZT alone) and substantially 
reduces the amount of HIV virus in 
the blood while boosting the number 
of helper T eells. 

Sadly, the eombination treatments 
are beginning to fail in about half of 
those treated, and even short breaks 
in treatment allow viral levels to soar. 
New hope eomes from the integrase 
group of new drugs that bloek HIV’s 
entry into DNA of the target helper 
eells and from new generations of 
AIDS vaeeines. 

Given the poor prognosis of AIDS, 
preventing infeetion is the way to go. 
Perhaps, as urged in the media, the 
best defense is to praetiee “safer 
sex” by using eondoms and knowing 
one’s sexual partner’s history, but the 
only foolproof alternative is sexual 
abstinenee. 


DID YOU GET IT 



23 . VVhat is an allergy? 

24 . VVhat causes the difficulty in breathing seen in 
anaphylaetie shoek? 

25 . VVhat is the prineipal problem eommon to all 
immunodeficiency diseases? 

26 . VVhat are two possible causes of autoimmune 
disease? 


For ansvvers, see Appendix D. 


OEI/ELOPMENTAL ASPECTS 
OF THE LYMPHATK SYSTEM /INO 80D Y 

DEFENSES 

✓ Deseribe the origin of the lymphatie vessels. 

Deseribe the effeets of aging on immunity. 

The lymphatie vessels, which bud from the veins 
of the blood vascular system, and the main clusters 
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Homeostatie Relationships between the 
Lymphatie System and Óther Body Systems 


Nervous System 


The lymphatie vessels piek up leaked 
plasma fluid and proteins in the peripheral 
nervous system structures; immune eells 
proteet peripheral nervous system structures 
from speeifie pathogens 
The nervous system innervates larger 
lymphatie vessels; the brain helps regulate 
immune response 
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Endoerine System 


Lymphatie vessels piek up leaked fluids 
and proteins; lymph distributes 
hormones; immune eells proteet 
endoerine organs from pathogens 
The thymus produces hormones that 
promote development of lymphatie 
organs and “program” T lymphoeytes 
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Lvmphatie 


Svstem/lmmunit) 


Respiratory System 


Lymphatie vessels piek up leaked 
fluid and proteins from respiratory 
organs; immune eells proteet 
respiratory organs from speeifie 
pathogens; plasma eells in the 
respiratory mucosa seerete 
IgA to prevent pathogen 
invasion of deeper tissues 
The lungs provide oxygen 
needed by lymphoid/immune eells 
and eliminate earbon dioxide; the 
pharynx houses tonsils; the respiratory 
“pump” aids lymph flow 






Digestive System 


Lymphatie vessels piek up leaked fluids 
and proteins from digestive organs; lymph 
transports some products of fat digestion to 
the blood; lymphoid nodules in the wall of 
the intestine prevent invasion of pathogens 
The digestive system digests and absorbs 
nutrients needed by eells of lymphatie 
organs; gastrie aeidity inhibits pathogens’ 
entry into blood 
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Muscular System 


Lymphatie vessels piek up leaked fluid 
and proteins from skeletal muscle; immune 
eells proteet muscles from speeifie pathogens^-4 J 
The skeletal muscle “pump” aids the flow of 
lymph; muscles proteet superficial lymph nodes 


Cardiovascular System 


Lymphatie vessels piek up leaked 
plasma and proteins; spleen destroys 
aged RBCs, stores iron, and removes 
debris from blood; immune eells 
proteet cardiovascular organs from 
speeifie pathogens 
Blood is the source of lymph; 
lymphaties develop from veins; blood 
provides the route for circulation of 
immune elements 


(Jrinary System 


Lymphatie vessels piek up leaked fluid 
and proteins from urinary organs; 
immune eells proteet urinary organs 
from speeifie pathogens 
Llrinary system eliminates wastes and 
maintains homeostatie water/ 
aeid-base/eleetrolyte balanee of the 
blood for immune eell functioning; 
urine flushes some pathogens out of 
the body 


Reproductive System 


Lymphatie vessels piek up leaked 
fluid and proteins from reproductive 
organs; immune eells proteet the 
organs from speeifie pathogens 
Aeidity of vaginal seeretions prevents 
baeterial multiplication 


lntegumentary System 


Lymphatie vessels piek up leaked 
plasma fluid and proteins from the 
dermis; lymphoeytes in lymph enhanee 
the skin’s proteetive role by defending 
against speeifie pathogens 
The skin’s keratinized epithelium 
provides a meehanieal barrier to 
pathogens; aeid pH of skin seeretions 
inhibits growth of baeteria on skin 


Skeletal System 


Lymphatie vessels piek up leaked 
plasma fluid and proteins from 
the periostea; immune eells proteet 
bones from speeifie pathogens 
The bones house hematopoietie tissue 
(red marrow) which produces the 
eells that populate the lymphoid organs 
and provide body imrrmnity 
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of lymph nodes are obvious by the fifth week of 
development. Except for the thymus and the 
spleen, the lymphoid organs are poorly developed 
before birth. However, soon after birth, they 
beeome heavily populated with lymphoeytes as 
the immune system begins to function. 

Lymphatie system problems are relatively 
uncommon, but when they do occur they are 
painfully obvious. For example, when the lym- 
phatie vessels are bloeked (as in elephantiasis, a 
tropieal disease in which the lymphaties beeome 
elogged with parasitie worms) or when lymphaties 
are removed (as in radieal breast surgery), severe 
edema may result. However, lymphatie vessels 
removed surgically do grow baek in time. 

Stem eells of the immune system originate in 
the spleen and liver during the first month of 
embryonie development. Later, the bone marrow 
beeomes the predominant source of stem eells 
(hemoeytoblasts), and it persists in this role into 
adult life. In late fetal life and shortly after birth, 


the young lymphoeytes develop self-toleranee and 
immunocompetence in their “programming 
organs” (thymus and bone marrow) and then pop- 
ulate the other lymphoid tissues. Upon meeting 
“their” antigens, the T and B eells eomplete their 
development to fully mature immune eells. 

Although the ability of our adaptive immune 
system to reeognize foreign substances is deter- 
mined by our genes, the nervous system may help 
to eontrol the aetivity of the immune response. 
The immune response is definitely impaired in 
individuals who are under severe stress—for 
example, in those mourning the death of a 
beloved family member or friend. Our immune 
system normally serves us well throughout our 
lifetime, until old age. But during the later years, 
its effieieney begins to wane. As a result, the body 
beeomes less able to fight infeetions and destroy 
eells that have beeome cancerous. Additionally, 
we beeome more susceptible to both autoimmune 
and immunodeficiency diseases. 


Siimman/ 

Aeeess more review material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included below. 

iP = interaetive Physiology 

P/IRT I: THE LYMPHATIC SYSTEM ÍPP . 398-403) 

1. The lymphatie system eonsists of the lymphatie 
vessels, lymph nodes, and eertain other lymphoid 
organs in the body. 

2. Extremely porous, blind-ended lymphatie eapillar- 
ies piek up excess tissue fluid leaked from the 
blood eapillaries. The fluid (lymph) flows into the 
larger lymphaties and finally into the blood vascu- 
lar system through the right lymphatie duct and 
the left thoraeie duct. 

3. Lymph transport is aided by the muscular and res- 
piratory pumps and by eontraetion of smooth mus- 
ele in the walls of the lymphatie vessels. 

ÌP Immune System Topie: Anatomy Review, 

pp. 3-6. 


4. Lymph nodes are clustered along lymphatie vessels, 
and the lymphatie stream flows through them. 
Lymph nodes serve as multiplication sites for agran- 
ular WBCs (lymphoeytes); phagoeytie eells within 
them remove baeteria, vimses, and the like from the 
lymph stream before it is returned to the blood. 

ÌP Immune System Topie: Anatomy Review, 

pp. 8-10. 

3. Other lymphoid organs include the tonsils (in the 
throat), which remove baeteria trying to enter the 
digestive or respiratory traets; the thyrmis, a pro- 
gramming region for some lymphoeytes of the body; 
Peyer’s patehes, which prevent baeteria in the intes- 
tine from penetrating deeper into the body; and the 
spleen, an RBC graveyard and blood reservoir. 

ÌP Imimine System Topie: Anatomy Review, pp. 3, 

11, 13-15. 

PARTII: BODY DEFENSES (PP . 403-429) 

ÌP Immune System Topie: Immune System 
Overview, p. 4. 

Innate Body Defenses (pp. 404-411) 

1. Surface membranes (skin and mucous membranes) 
provide meehanieal barriers to pathogens. Some 
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produce seeretions and/or have structural modifi- 
eations that enhanee their defensive effeets; the 
skin’s aeidity, lysozyme, mucus, keratin, and eili- 
ated eells are examples. 

ÌP Immune System Topie: Innate Hast Defenses, 

pp. 3-5. 

2. The inflammatory response prevents spread of 
harmful agents, disposes of pathogens and dead 
tissue eells, and promotes healing. Proteetive 
leukocytes enter the area; fibrin walls off the area; 
and tissue repair occurs. 

ÌP Immune System Topie: Innate Host Defenses, 

pp. 10-11. 

3. Natural killer eells are lymphoeytes that aet non- 
speeifieally to lyse virus-infected and malignant 
eells. 

4. Phagoeytes (maerophages and neutrophils) engulf 
and destroy pathogens that penetrate epithelial 
barriers. This proeess is enhaneed when the 
pathogen’s surface is altered by attaehment of anti- 
bodies and/or eomplement. 

ÌP Immune System Topie: Innate Host Defenses, 
p. 7. 

5. When eomplement (a group of plasma proteins) 
beeomes fixed on the membrane of a foreign eell, 
lysis of the target eell occurs. Complement also 
enhanees phagoeytosis and the inflammatory and 
immune responses. 

ÌP Immune System Topie: Innate Host Defenses, 

p. 8. 

6. Interferons are a group of proteins synthesized by 
vims-infeeted eells and eertain immune eells. They 
prevent vimses from multiplying in other body eells. 

7. Fever enhanees the fight against infectious 
mieroorganisms by inereasing metabolism (which 
speeds up repair proeesses) and by causing the 
liver and spleen to store iron and zine (which bae- 
teria need for multiplication). 

ÌP Immune System Topie: Innate Host Defenses, 

pp. 6, 12. 

Adaptive Body Defenses (pp. 411-429) 

1. The immime system reeognizes something as foreign 
and aets to inaetivate or remove it. Immune response 
is antigen speeifie, is systemie, and has memory. The 
two arms of immime response are humoral imimmity 
(mediated by antibodies) and cellular immunity 
(mediated by living eells, the lymphoeytes). 

ÌP Immune System Topie: Immune System 
Overview, p .6. 


2. Antigens 

a. Antigens are large, complex molecules (or parts 
of them) reeognized as foreign by the body. 
Foreign proteins are the strongest antigens. 

b. Complete antigens provoke an immune 
response and bind with products of that 
response (antibodies or sensitized lymphoeytes). 

e. ineomplete antigens, or haptens, are small mole- 
cules that are unable to cause an immime response 
by themselves but do so when they bind to body 
proteins and the complex is reeognized as foreign. 

3. Cells of the adaptive defense system: An overview 

a. Two main eell populations, lymphoeytes and 
antigen-presenting eells, are involved in adaptive 
defense. 

b. Lymphoeytes arise from hemoeytoblasts of bone 
marrow. T eells develop immunocompetence in 
the thymus and oversee eell-mediated immunity. 
B eells develop immunocompetence in bone 
marrow and provide humoral immunity. Immu- 
noeompetent lymphoeytes seed lymphoid organs, 
where antigen ehallenge occurs, and circulate 
through blood, lymph, and lymphoid organs. 

e. Immunocompetence is signaled by the appear- 
anee of antigen-speeifie reeeptors on surfaces of 
lymphoeytes. 

d. Maerophages arise from monoeytes produced in 
bone marrow. They and other APCs phagoeytize 
pathogens and present parts of the antigens on 
their surfaces, for reeognition by T eells. 

ÌP Immune System Topie: Common Characteristics 
of B and T Lymphoeytes, pp. 3, 6, 8. 

4. Humoral (antibody-mediated) immune response 

a. Clonal seleetion of B eells occurs when antigens 
bind to their reeeptors, causing them to prolifer- 
ate. Most elone members beeome plasma eells, 
which seerete antibodies. This is ealled the 
primary hnmoral response. 

b. Other elone members beeome memory B eells, 
eapable of mounting a rapid attaek against the 
same antigen in subsequent meetings 
(seeondary humoral responses ). These eells pro- 
vide immunological “memory.” 

ÌP Immune System Topie: Common Characteristics 
of B and T Lymphoeytes, p. 9. 

e. Aetive humoral immunity is acquired during an 
infeetion or via vaeeination and provides immuno- 
logieal memory. Passive immunity is eonferred 
when a donor’s antibodies are injeeted into the 
bloodstream or when the mother’s antibodies 
eross the plaeenta. It does not provide immuno- 
logieal memory. 
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ÌP Immime System Topie: Humoral Immiinity, p. 10. 
d. Basie antibody structure 

(1) Antibodies are proteins produced by sensi- 
tized B eells or plasma eells in response to 
an antigen, and they are eapable of binding 
with that antigen. 

(2) An antibody is eomposed of four polypep- 
tide ehains (two heavy and two light) that 
form a T- or Y-shaped molecule. 

(3) Eaeh polypeptide ehain has a variable and a 
eonstant region. Variable regions form anti- 
gen-binding sites, one on eaeh arm of the T 
or Y. Constant regions determine antibody 
function and elass. 

(4) Five elasses of antibodies exist: IgA, IgG, 
IgM, IgD, IgE. They differ structurally and 
hmetionally. 

(3) Antibody functions include eomplement 
fixation, neutralization, preeipitation, and 
agglutination. 

(6) Monoelonal antibodies are pure preparations 
of a single antibody type useful in diagnos- 
ing various infectious disorders and eaneer 
and in treating eertain eaneers. 

ÌP Immune System Topie: Humoral Immunity, 

pp. 3-10. 

3. Cellular (eell-mediated) immune response 

a. T eells are sensitized by binding simultaneously 
to an antigen and a self-protein displayed on the 
surface of a maerophage or another type of anti- 
gen-presenting eell. elonal seleetion occurs, and 
elone members differentiate into effeetor T eells 
or memory T eells. 

b. There are several different elasses of T eells. 
Cytotoxic (killer) T eells direetly attaek and lyse 
infeeted and cancerous eells. Helper T eells inter- 
aet direetly with B eells bound to antigens. They 
also liberate eytokines, ehemieals that enhanee 
the killing aetivity of maerophages, attraet other 
leukocytes, or aet as helper faetors that stimulate 
aetivity of B eells and cytotoxic T eells. 
Regulatory T eells terminate the normal immune 
response by releasing suppressor ehemieals. 

6. Organ transplants include autografts, isografts, allo- 
grafts, and xenografts. The most usual graft is an 
allograft. Blood group and tissue matehing are done 
to ensure the best mateh possible, and organ trans- 
plant is followed by immunosuppressive therapy. 


7. Disorders of immunity 

a. Autoimmune disease occurs when the body’s 
self-toleranee breaks down, and antibodies 
and/or T eells attaek the body’s own tissues. 
Most forms of autoimmune disease result from 
the appearanee of formerly hidden self-antigens 
or ehanges in the structure of self-antigens, and 
antibodies formed against foreign antigens that 
resemble self-antigens. 

ÌP Irnrmme System Topie: Common eharaeteristies 
of B and T Lymphoeytes, p. 7. 

b. In allergy or hypersensitivity, the immune sys- 
tem overreaets to an otherwise harmless antigen, 
and tissue destmetion occurs. Immediate (acute) 
hypersensitivity, as seen in hay fever, hives, and 
anaphylaxis, is due to IgE antibodies. Delayed 
hypersensitivity (for example, eontaet dermatitis) 
refleets aetivity of T eells, maerophages, and 
eytokines. 

e. Immunodeficiencies result from abnormalities in 
any imrmme element. Most serious is severe 
eombined immunodeficiency disease (a eongen- 
ital disease) and AIDS, an acquired immunodefi- 
eieney disease caused by a vims that attaeks and 
eripples the helper T eells. 

P/IRT III: DEI/ELOPMEI\IT/IL /ISPEtTS 
OF THE LYMPHATie SYSTEM /IND 

BODY DEFENSES (pp. 429-431) 

1. Lymphatie vessels form by budding off veins. The 
thyrmis and the spleen are the first lymphoid 
organs to appear in the embryo. Other lymphoid 
organs remain relatively undeveloped until after 
birth. 

2. The imrmme response develops around the time 
of birth. 

3. The ability of immunocompetent eells to reeog- 
nize foreign antigens is genetieally determined. 
Stress appears to interfere with normal immune 
response. 

4. Effieieney of immune response wanes in old age, 
and infeetions, eaneer, immunodeficiencies, and 
autoimmune diseases beeome more prevalent. 
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Rei/ieM/ Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. Lymph eapillaries 

a. are open-ended, like drinking straws. 

b. have continuous tight junctions, like the eapillar- 
ies of the brain. 

e. eontain endothelial eells separated by flaplike 
valves that ean open wide. 

d. have speeial barriers that stop eaneer eells from 
entering. 

2. Which parts of the lymph node show inereased 
aetivity when antibody production is high? 

a. Germinal eenters e. Medullary eords 

b. Outer folliele d. Medullary sinuses 

3. Which of the following eonneet to the lymph node 
at the hilum? 

a. Afferent lymphatie vessels 

b. Efferent lymphatie vessels 

e. Trabeculae 

d. Anehoring filaments 

4. Which of the following are part of MALT? 

a. Tonsils 

b. Thymus 

e. Peyer’s patehes 

d. Any lymphoid tissue along the digestive traet 

3. Developmentally, embryonie lymphatie vessels are 
most elosely assoeiated with the 

a. veins. e. nerves. 

b. arteries. d. thymus gland. 

6. Which of the following are among the most eom- 
mon indieators of inflammation? 

a. Phagoeytosis. e. Leukocytosis. 

b. Edema. d. Pain. 

7. ehemieal mediators of inflammation include 

a. interferon. e. histamine. 

b. eomplement. d. antibodies. 

8. Against which of the following will interferon do 
some good? 

a. Infeetion of body eells by a vims 

b. Circulating free vimses 

e. Some types of eaneer 
d. Baeterial infeetion 


9. Which of these antibody elasses is usually arranged 
as a pentamer? 

a. IgG e. IgA 

b. IgM d. IgD 

10. Which parts of an antibody molecule are different 
for an IgG antibody than for an IgM antibody that 
attaeks the same antigen? 

a. Heavy ehain eonstant region 

b. Heavy ehain variable region 
e. Light ehain eonstant region 
d. Light ehain variable region 

11. Which of the following antibody eapabilities causes 
a transfusion reaetion with A or B erythroeyte 
antigens? 

a. Neutralization e. Complement fixation 

b. Preeipitation d. Agglutination 

12. Which of the following is/are examples of autoim- 
mune disease? 

a. Type 1 diabetes e. Graves’ disease 

b. Multiple selerosis d. Rheumatoid arthritis 

13- The main cellular target of the HIV vims that 
causes AIDS is 

a. helper T eells. e. maerophages. 

b. cytotoxic T eells. d. B eells. 

Short Ansvver Essay 

14. What is the most important function of the lymph 
nodes? 

13. Compare and eontrast blood, interstitial fluid, and 
lymph. 

16. What is the speeial role of the tonsils? the spleen? 

17. Besides aeting as meehanieal barriers, the skin and 
rmieosae of the body contribute to body proteetion 
in other ways. Cite the eommon body loeations and 
the importanee of mucus, lysozyme, keratin, aeid 
pH, and eilia. 

18. What is eomplement? Besides baeterial lysis, what 
are some of the roles of eomplement? 

19- Interferons are referred to as antiviral proteins. 
What stimulates their production, and how do they 
proteet uninfected eells? 

20. Define immnne response. 

21. What is the differenee between a eomplete antigen 
and an ineomplete antigen (hapten)? 

22. Differentiate elearly between humoral and cellular 
immunity. 
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23. Although the immune system has two arms, it has 
been said, a No T eells, no imrmmity.” How is this so? 

24. Define immunocompetence . What indieates that a 
B eell or T eell has developed imrmmoeompetenee? 
Where does the “programming phase” occur in the 
ease of B eells? 

23. Binding of antigens to reeeptors of immunocompe- 
tent lymphoeytes leads to elonal seleetion. Deseribe 
the proeess of elonal seleetion. What nonlymphoeyte 
eell is a eentral aetor in this proeess, and what is its 
hmetion? 

26. Name the eell types that would be present in a B 
eell elone, and give the hmetion of eaeh type. 

27. Deseribe the speeifie roles of helper, cytotoxic, and 
regulatory T eells in eell-mediated immunity. Which 
is thought to be disabled in AIDS? 

28. Compare and eontrast a primary and a seeondary 
immune response. Which is more rapid, and why? 

29. Deseribe the structure of an antibody, and 
explain the importanee of its variable and eon- 
stant regions. 

30. Name the five elasses of immunoglobulins. Which 
is most likely to be found attaehed to a B eell mem- 
brane? Which is most abundant in plasma? Which is 
important in allergie responses? Which is the first Ig 
to be released during the primary response? Which 
ean eross the plaeental barrier? 

31. How do antibodies help to defend the body? 

32. Distinguish between immediate types of allergy 
and delayed allergie reaetions relative to cause and 
consequences. 

33. What events ean result in the loss of self-toleranee 
and autoimmune disease? 

34. Would laek of memory B eells for a particular anti- 
gen impaet the primary or seeondary humoral 
response? 


[ritieal Thinking and 
(linieal Applieation 
Questions 

33. As an infant reeeives her first dose of oral polio 
vaeeine, the nurse explains to her parents that the 
vaeeine is a preparation of weakened vims. What 
type of imrmmity will the infant develop? 

36. Some people with a defieit of IgA exhibit recurrent 
paranasal sinus and respiratory traet infeetions. 
Explain these symptoms. 

37. Mr. James, an 80-year-old man, is gmmbling about 
having to reeeive a flu shot every year. Flu vimses 
have a high rmitation rate (undergo rapid genetie 
ehanges), which results in the appearanee of new 
proteins on the flu vims’s “eoat.” How does this 
help explain the need to get a flu shot eaeh year? 

38. Mrs. Morrow, a 59-y ear '°lcl woman, has undergone 
a left radieal masteetomy (removal of the left breast 
and left axillary lymph nodes and vessels). Her left 
arm is severely swollen and painful, and she is 
unable to raise it more than shoulder height. 
(a) Explain her signs and symptoms. (b) Can she 
expect relief from these symptoms in time? How so? 

39. Lymphoeytes continuously circulate through the body 
using blood and lymph as their transport vehieles. 
What is the importanee of this recirculation behavior? 












FHNlTION prei/ieia/ 

The respiratory system supplies oxygen to the blood while removing earbon dioxide. 


The trillions of eells in the bod j/ require an abun- 

dant and continuous supply of oxygen to earry out 
their vital functions. We eannot “do without oxy- 
gen” for even a little while, as we ean without 
food or water. Fmthermore, as eells use oxygen, 
they give off earbon dioxide, a waste product the 
body must get rid of. 

The eardiovascular and respiratory systems 
share responsibility for supplying the body with 
oxygen and disposing of earbon dioxide. The res- 
piratory system organs oversee the gas exchanges 
that occur between the blood and the external 
environment. Using blood as the transporting 
fluid, the cardiovascular system organs transport 
respiratory gases between the lungs and the tissue 
eells. If either system fails, body eells begin to die 
from oxygen starvation and accumulation of ear- 
bon dioxide. 


Functional Anatomy of 
the Respiratory System 

Name the organs forming the respiratory passageway 
from the nasal eavity to the alveoli of the lungs (or 
identify them on a diagram or model), and deseribe 
the function of eaeh. 

Deseribe several proteetive meehanisms of the 
respiratory system. 

The organs of the respiratory system include the 
nose, pharynx, larynx, traehea, bronehi and their 
smaller branehes, and the lungs, which eontain the 
alveoli (al-ve'o-li), or terminal air saes. Because 
gas exchanges with the blood happen only in the 
alveoli, the other respiratory system structures are 
really just conducting passageways that allow air 
to reaeh the lungs. However, these passageways 
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Traehea 


Right main 

(primary) 

bronchus 

Right lung 


Nasal eavity 


Nostril 


Larynx 


Oral eavity 
Pharynx 



Left main 
(primary) 
bronchus 

Left lung 


Diaphragm 


Figure 13.1 The major respiratory organs shown in relation to 
surrounding structures. 


have another, very important job. They purify, 
humidify, and warm ineoming air. Thus, the air 
finally reaehing the lungs has many fewer irritants 
(such as dust or baeteria) than when it entered the 
system, and it is warm and damp. As we deseribe 
the respiratory system organs in detail next, loeate 
eaeh on Figure 13.1. 

The Nose 

The nose, whether “pug” or “ski-jump” in shape, 
is the only externally visible part of the respiratory 
system. During breathing, air enters the nose by 
passing through the nostrils, or nares. The inte- 
rior of the nose eonsists of the nasal eavity, 
divided by a midline nasal septum. The olfaetory 
reeeptors for the sense of smell are loeated in the 


mucosa in the slitlike superior part of the nasal 
eavity, just beneath the ethmoid bone. 

The rest of the mucosa lining the nasal eavity, 
ealled the respiratory mucosa, rests on a rieh net- 
work of thin-walled veins that warms the air as it 
flows past. (Because of the superficial loeation of 
these blood vessels, nosebleeds are eommon and 
often profuse.) In addition, the stieky mucus pro- 
duced by this mucosa’s glands moistens the air and 
traps ineoming baeteria and other foreign debris, 
and lysozyme enzymes in the mucus destroy baete- 
ria ehemieally. The eiliated eells of the nasal 
mucosa ereate a gentle current that moves the 
sheet of eontaminated mucus posteriorly toward 
the throat (pharynx), where it is swallowed and 
digested by stomaeh juices. We are usually 
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Pharynx 

• Nasopharynx 

• Oropharynx 

• Laryngopharynx 



(a) Regions of the pharynx 


Figure 13.2 Basie anatomy of the 
upper respiratory traet, sagittal seetion. 


Oribriform plate 
of ethmoid bone 

Sphenoidal sinus 

Posterior nasal 
aperture 


Nasopharynx 

• Pharyngeal tonsil 

• Opening of 
pharyngotympanie 
tube 

• Uvula 


Esophagus 


Traehea 



Oropharynx 

• Palatine tonsil 


Lingual tonsil 


Frontal sinus 


Laryngopharynx 


Nasal eavity 

• Nasal eonehae (superior, 
middle and inferior) 


Thyroid eartilage 
Voeal fold 
Orieoid eartilage 


Nasal meatuses (superior, 
middle, and inferior) 


Nasal vestibule 
Nostril 


Hard palate 
Soft palate 


Tongue 


Hyoid bone 


(b) Detailed anatomy of the upper respiratory traet 


unaware of this important eiliary aetion, but when 
the external temperature is extremely eold, these 
eilia beeome sluggish, allowing mucus to accumu- 
late in the nasal eavity and to dribble outward 
through the nostrils. This helps explain why you 
might have a “rnnny” nose on a erisp, wintry day. 


As shown in Figure 13-1 and Figure 13.2, the 
lateral walls of the nasal eavity are uneven owing 
to three mucosa-covered projeetions, or lobes, 
ealled eonehae (kong'ke), which greatly inerease 
the surface area of the mucosa exposed to the air. 
The eonehae also inerease the air turbulence in 






































Chapter 13: The Respiratory System 


439 


the nasal eavity. As the air swirls through the 
twists and turns, inhaled partieles are defleeted 
onto the mucus-coated surfaces, where they are 
trapped and prevented from reaehing the lungs. 

The nasal eavity is separated from the oral eav- 
ity below by a partition, the palate (pal'et). 
Anteriorly, where the palate is supported by bone, is 
the hard palate; the unsupported posterior part 
is the soft palate. 

HOMEOSTATIC IMBALANOE 

The genetie defeet eleft palate (failure 
of the bones forming the palate to fuse medially) 
results in breathing difficulty as well as problems 
with oral eavity functions such as chewing and 
speaking. ) 

The nasal eavity is surrounded by a ring of 
paranasal sinuses loeated in the frontal, sphe- 
noidal, ethmoid, and maxillary bones. (See Figure 
5.13, p. 150.) The sinuses lighten the skull, and they 
aet as resonanee ehambers for speeeh. They also 
produce mucus, which drains into the nasal eavi- 
ties. The suctioning effeet ereated by nose blowing 
helps to drain the sinuses. The nasolaerimal dnets, 
which drain tears from the eyes, also empty into the 
nasal eavities. 

HOMEOSTATIC IMBALANOE 

Cold virnses and various allergens ean 
cause rhinitis (ri-ni'tis), inflammation of the nasal 
mucosa. The excessive mucus produced results in 
nasal eongestion and postnasal drip. Because the 
nasal mucosa is continuous throughout the respira- 
tory traet and extends tentaele-like into the naso- 
laerimal (tear) ducts and paranasal sinuses, nasal 
eavity infeetions often spread to those regions as 
well. Sinusitis, or sinus inflammation, is difficult to 
treat and ean cause marked ehanges in voiee qual- 
ity. When the passageways eonneeting the sinuses 
to the nasal eavity are bloeked with mucus or infee- 
tious matter, the air in the sinus eavities is absorbed. 
The result is a partial vacuum and a sinus 
headaehe loealized over the inflamed area. ) 

Pharynx 

The pharynx (far'inks) is a muscular passageway 
about 13 em (5 inehes) long that vaguely resem- 
bles a short length of red garden hose. Commonly 
ealled the throat, the pharynx serves as a eommon 
passageway for food and air (Figures 13.1 and 




13.2). It is continuous with the nasal eavity anteri- 
orly via the posterior nasal aperture. 

Air enters the superior portion, the nasophar- 
ynx (na"zo-far'inks), from the nasal eavity and then 
deseends through the oropharynx (o"ro-far'inks) 
and laryngopharynx (lah-ring"go-far'inks) to enter 
the larynx below. Food enters the mouth and then 
travels along with air through the oropharynx and 
laryngopharynx. But instead of entering the larynx, 
food is direeted into the esophagus (é-sof'ah-gus) 
posteriorly. 

The pharyngotympanie tuhes, which drain the 
middle ear, open into the nasopharynx. The muco- 
sae of these two regions are continuous, so ear 
infeetions such as otitis media (o-ti'tis me'de-ah) 
may follow a sore throat or other types of pha- 
ryngeal infeetions. 

Clusters of lymphatie tissue ealled tonsils are 
also found in the pharynx. The pharyngeal (far- 
rin'je-al) tonsil, often ealled adenoid, is loeated 
high in the nasopharynx. The palatine tonsils are 
in the oropharynx at the end of the soft palate, as 
are the lingual tonsils, which lie at the base of 
the tongue. We deseribed the role of the tonsils in 
body proteetion in ehapter 12. 

HOMEOSTATIC IMBALANCE 

If the pharyngeal tonsil beeomes 
inflamed and swollen (as during a baeterial infee- 
tion), it obstmets the nasopharynx and forees the 
person to breathe through the mouth. In mouth 
breathing, air is not properly moistened, warmed, 
or filtered before reaehing the lungs. Many ehil- 
dren seem to have this eondition, ealled 
tonsillitis, almost continuously. Years ago the 
belief was that the tonsils, though proteetive, were 
more trouble than they were worth in such eases, 
and they were routinely removed. Now, because 
of the widespread use of antibioties, this is no 
longer neeessary (or tme). ) 

Larynx 

The larynx (lar'inks), or voiee hox, routes air and 
food into the proper ehannels and plays a role in 
speeeh. Loeated inferior to the pharynx (see 
Figures 13.1 and 13.2), it is formed by eight rigid 
hyaline eartilages and a spoon-shaped flap of elas- 
tie eartilage, the epiglottis (ep"i-glot'tis). The 
largest of the hyaline eartilages is the shield- 
shaped thyroid eartilage, which protmdes ante- 
riorly and is eommonly ealled the Adam ’s apple. 
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Sometimes referred to as the “guardian of the 
airways,” the epiglottis proteets the superior 
opening of the larynx. When we are not swallow- 
ing, the epiglottis does not restriet the passage of 
air into the lower respiratory passages. When we 
swallow food or fluids, the situation ehanges dra- 
matieally; the larynx is pulled upward and the 
epiglottis tips, forming a lid over the opening of 
the larynx. This routes food into the esophagus, or 
food tube, posteriorly. If anything other than air 
enters the larynx, a cough reflex is triggered to 
expel the substance and prevent it from continuing 
into the lungs. Because this proteetive reflex does 
not work when we are unconscious, it is never a 
good idea to try to give fluids to an unconscious 
person when attempting to revive him or her. 

• Palpate your larynx by plaeing your hand mid- 
way on the anterior surface of your neek. 
Swallow. Can you feel the larynx rising as you 
swallow? 

Part of the mucous membrane of the larynx 
forms a pair of folds, ealled the voeal folds, or 
true voeal eords, which vibrate with expelled air. 
This ability of the voeal folds to vibrate allows us 
to speak. The voeal folds and the slitlike passage- 
way between them are ealled the glottis. 

Traehea 

Air entering the traehea (tra'ke-ah), or windpipe, 
from the larynx travels down its length (10-12 em, 
or about 4 inehes) to the level of the fifth thoraeie 
vertebra, which is approximately midehest (see 
Figrne 13.1). 

The traehea is fairly rigid because its walls are re- 
inforeed with C-shaped rings of hyaline eartilage. 
These rings serve a double pmpose. The open 
parts of the rings abut the esophagns and allow it 
to expand anteriorly when we swallow a large 
pieee of food. The solid portions support the tra- 
ehea walls and keep it patent, or open, in spite of 
the pressme ehanges that occur during breathing. 
The traehealis muscle abuts the esophagus and 
eompletes the wall of the traehea posteriorly. 

HOMEOSTATIC IMBALANCE 

Because the traehea is the only way air 
ean enter the lungs, traeheal obstmetion is life- 
threatening. Many people have suffocated after 
ehoking on a pieee of food that suddenly elosed 
off the traehea (or the glottis of the larynx). The 



Heimlieh maneuver, a procedure in which the 
air in a person’s own lungs is used to “pop out,” 
or expel, an obstmeting pieee of food, has saved 
many people from beeoming vietims of such “eafé 
eoronaries.” The Heimlieh maneuver is simple to 
learn and easy to do. However, it is best learned 
by demonstration, because eraeked ribs are a dis- 
tinet possibility when it is done ineorreetly. In 
some eases of obstmeted breathing, an emergeney 
traeheostomy (tra'ke-ost'o-me; surgical opening of 
the traehea) is done to provide an alternative route 
for air to reaeh the lungs. Individuals with tra- 
eheostomy tubes in plaee form huge amounts of 
mucus the first few days because of irritation to 
the traehea. Thus, they must be suctioned fre- 
quently during this time to prevent the mucus 
from pooling in their lungs. ) 

The traehea is lined with a eiliated mucosa 
(Figure 13.3). The eilia beat continuously and in a 
direetion opposite to that of the ineoming air. 
They propel mucus, loaded with dust partieles and 
other debris, away from the lungs to the throat, 
where it ean be swallowed or spat out. 

HOMEOSTATie IMBALANCE 

Smoking inhibits eiliary aetivity and 
ultimately destroys the eilia. Without these eilia, 
coughing is the only means of preventing mucus 
from accumulating in the lungs. Smokers with res- 
piratory eongestion should avoid medieations that 
inhibit the cough reflex. ) 

DID YOU GET IT 

1. Why is nose breathing preferable to mouth breathing? 

2 . What is the speeifie proteetive function of the eilia in 
the traehea? 

For ansvvers, see Appendix D. 



Main Bronehi 

The right and left main (primary) bronehi 

(brong'ki) are formed by the division of the tra- 
ehea. Eaeh main bronchus runs obliquely before 
it plunges into the medial depression ( hilum ) 
of the lung on its own side (see Figure 13.1 
and Figure 13.4). The right main bronchus is 
wider, shorter, and straighter than the left. 
Consequently, it is the more eommon site for an 
inhaled foreign objeet to beeome lodged. By the 
time ineoming air reaehes the bronehi, it is 
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In what direetion is the power stroke of these eilia directed—superiorly toward 
the mouth or inferiorly toward the lungs? 



Esophagus 


Traehealis 

muscle 


Posterior 


Mucosa 


Submucosa 


Seromucous 
gland in 
submucosa 


Hyaline 

eartilage 


Adventitia 


Anterior 




Figure 13.3 Structural relationship of the traehea and esophagus. 

(a) Cross-sectional view. (b) Cilia in the traehea. The eilia are the yellow, grasslike 
projeetions surrounded by the mucus-secreting goblet eells, which exhibit short mierovilli 
(orange). (Seanning eleetron mierograph, 750x.) 


warm, eleansed of most impurities, and well 
humidified. The smaller subdivisions of the main 
bronehi within the lungs are direet routes to the 
air saes. 

Lungs 

Deseribe the structure and function of the lungs and 
the pleural eoverings. 

Deseribe the structure of the respiratory membrane. 

The lungs are fairly large organs. They occupy 
the entire thoraeie eavity except for the most 
eentral area, the mediastinum (me"de-as- 
ti'num), which houses the heart (in its inferior 
perieardial eavity region), the great blood ves- 
sels, bronehi, esophagus, and other organs (see 
Figure 13.4). The narrow superior portion of 
eaeh lung, the apex, is just deep to the elaviele. 
The broad lung area resting on the diaphragm 
is the base. Eaeh lung is divided into lobes by 


fissures; the left lung has two lobes, and the 
right lung has three. 

The surface of eaeh lung is eovered with a vis- 
eeral serosa ealled the pulmonary, or viseeral, 
pleura (ploor'ah), and the walls of the thoraeie 
eavity are lined by the parietal pleura. The pleu- 
ral membranes produce plenral flnid, a slippery 
serous seeretion which allows the lungs to glide 
easily over the thorax wall during breathing move- 
ments and causes the two pleural layers to eling 
together. The pleurae ean slide easily from side to 
side aeross one another, but they strongly resist 
being pulled apart. Consequently, the lungs are 
held tightly to the thorax wall, and the pleural 
spaee is more of a potential spaee than an actual 
one. As we deseribe shortly, this eondition of 
tightly adhering pleural membranes is absolutely 
essential for normal breathing. Figure 13.4 shows 
the position of the pleurae on the lungs and the 
thorax wall. 
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(a) Anterior view. The lungs flank mediastinal structures laterally. 
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(b)Transverse seetion through the thorax, viewed from above. Lungs, pleural 
membranes, and major organs in the mediastinum are shown. 

Figure 13.4 Anatomieal relationships of organs in the thoraeie eavity. 

In (b), the size of the pleural (and perieardial) eavity is exaggerated for elarity. 






































































Chapter 13: The Respiratory System 


443 



Alveolar duct 


Alveoli 


Respiratory bronehioles 


Terminal- 

bronehiole 


(a) Diagrammatie view of respiratory 
bronehioles, alveolar ducts, and alveoli 



Alveolar duct 



Alveolar sae 
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(b) Seanning eleetron mierograph (SEM) of human 
lung tissue, showing the final divisions of the 
respiratory tree (225 x) 

Figure 1 3.5 Respiratory zone structures. 


... • HOMEOSTATie IMBALANCE 

Pleurisy (ploo'rí-se), inflammation of 
the pleura, ean be caused by deereased seeretion 
of pleural fluid. The pleural surfaces beeome dry 
and rough, resulting in frietion and stabbing pain 
with eaeh breath. Conversely, the pleurae may 
produce excessive amounts of fluid, which exerts 
pressure on the lungs. This type of pleurisy hin- 
ders breathing movements, but it is much less 
painful than the dry mbbing type. ) 

After entering the lungs, the main bronehi sub- 
divide into smaller and smaller branehes (seeondary 
and tertiary bronehi, and so on), finally ending in the 


smallest of the conducting passageways, the 
bronehioles (brong'ke-ó-lz) (Figure 13.5). Because 
of this branehing and rebranehing of the respiratory 
passageways within the lungs, the network formed is 
often referred to as the bronehial, or respiratory, 
tree. All but the smallest branehes have reinforeing 
eartilage in their walls. 

The terminal bronehioles lead into respiratory 
zone stmetnres, even smaller conduits that eventu- 
ally terminate in alveoli (al-ve'o-li; alveol = small 
eavity), or air saes. The respiratory zone, which 
includes the respiratory bronehioles, alveolar ducts, 
alveolar saes, and alveoli, is the only site of gas 
exchange. All other respiratory passages are 
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Figure 13.6 Anatomy of the respiratory membrane (air-blood barrier). 

The respiratory membrane is eomposed of squamous epithelial eells of the alveoli, the 
eapillary endothelium, and the seant basement membranes between. Surfactant-secreting 
eells in the alveoli are also shown. Oxygen diffuses from the alveolar air into the 
pulmonary eapillary blood; earbon dioxide diffuses from the pulmonary blood into 
the alveolus. Neighboring alveoli are eonneeted by small pores. 


conducting zone structures that serve as conduits 
to and from the respiratory zone. There are millions 
of the clustered alveoli, which resemble bunches of 
grapes, and they make up the bulk of the lungs. 
Consequently, the lungs are mostly air spaees. The 
balanee of the lung tissue, its stroma, is mainly elas- 
tie eonneetive tissue that allows the lungs to reeoil 
passively as we exhale. Thus, in spite of their rela- 
tively large size, the lungs weigh only about 2 l / 
pounds, and they are soft and spongy. 

The Respiratory Membrane 

The walls of the alveoli are eomposed largely of a 
single, thin layer of squamous epithelial eells. The 
thinness of their walls is hard to imagine, but a 
sheet of tissue paper is much thieker. Alveolar 
pores eonneet neighboring air saes and provide 
alternative routes for air to reaeh alveoli whose 
feeder bronehioles have been elogged by mucus 
or otherwise bloeked. The external surfaces of the 
alveoli are eovered with a “cobweb” of pulmonary 


eapillaries. Together, the alveolar and eapillary 
walls, their fused basement membranes, and oeea- 
sional elastie fibers eonstmet the respiratory 
membrane (air-blood barrier), which has gas 
(air) flowing past on one side and blood flowing 
past on the other (Figure 13.6). 

The gas exchanges occur by simple diffusion 
through the respiratory membrane—oxygen pass- 
ing from the alveolar air into the eapillary blood 
and earbon dioxide leaving the blood to enter the 
gas-filled alveoli. It has been estimated that the 
total gas exchange surface provided by the alveo- 
lar walls of a healthy man is 50 to 70 square 
meters, or approximately 40 times greater than the 
surface area of his skin. 

The final line of defense for the respiratory 
system is in the alveoli. Remarkably effieient 
alveolar maerophages, sometimes ealled a dust 
eells,” wander in and out of the alveoli pieking up 
baeteria, earbon partieles, and other debris. Also 
seattered amid the epithelial eells that form most 
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of the alveolar walls are chunky cuboidal eells, 
which look very different from the squamous 
epithelial eells. These eells produce a lipid (fat) 
molecule ealled snrfaetant, which eoats the gas- 
exposed alveolar surfaces and is very important in 
lung function (as deseribed on p. 458). 


DID YOU GET IT 



3. VVhat is the order of the follovving parts of the human 
respiratory system from the site vvhere air enters the 
nostrils to the site vvhere air reaehes the end passages 
of the lungs—bronehi, larynx, nasal eavity, alveoli, 
traehea, pharynx, bronehioles? 

4. VVhieh main bronchus is the most likely site for an 
inhaled objeet to beeome lodged? VVhy? 

5. The lungs are mostly passagevvays and elastie tissue. 
VVhat is the role of the passagevvays? Of the elastie 
tissue? 

6 . Name the four structures that make up the 
respiratory zone. 

For answers, see Appendix D. 


Respiratory Physiology 

Define cellular respiration, external respiration, internal 
respiration, pulmonary ventilation, expiration, and 
inspiration. 

Explain hovv the respiratory muscles cause volume 
ehanges that lead to air flovv into and out of the lungs 
(breathing). 

The major function of the respiratory system is to 
supply the body with oxygen and to dispose of 
earbon dioxide. To do this, at least four distinet 
events, eolleetively ealled respiration, must occur: 

1. Pulmonary ventilation. Air must move into 
and out of the lungs so that the gases in the air 
saes (alveoli) of the lungs are continuously 
refreshed. This proeess of pulmonary ventila- 
tion is eommonly ealled breathing. 

2. External respiration. Gas exchange (oxygen 
loading and earbon dioxide unloading) 
between the pulmonary blood and alveoli 
must take plaee. Remember that in external 
respiration, gas exchanges are being made 
between the blood and the body exterior. 

3. Respiratory gas transport. Oxygen and ear- 
bon dioxide must be transported to and from 
the lungs and tissue eells of the body via the 
bloodstream. 


4. Internal respiration. At systemie eapillaries, 
gas exchanges must be made between the 
blood and tissue eells. In internal respiration, 
gas exchanges are occurring between the 
blood and eells inside the body. 

Although only the first two proeesses are the spe- 
eial responsibility of the respiratory system, all 
four proeesses are neeessary for it to aeeomplish 
its goal of gas exchange. In the following seetions 
we deseribe eaeh proeess in turn. 

Note that the actual use of oxygen and pro- 
duction of earbon dioxide by tissue eells, that is, 
cellular respiration, is the eornerstone of all 
energy-producing ehemieal reaetions in the body. 
We discuss cellular respiration, which occurs in all 
body eells, in ehapter 14. 

Meehanies of Breathing 

Breathing, or pulmonary ventilation, is a eompletely 
meehanieal proeess that depends on volrnne 
ehanges occurring in the thoraeie eavity. Here is a 
mle to keep in mind about the meehanies of breath- 
ing: Volume ehanges lead topressure ehanges, which 
lead to the flow ofgases to equalize the pressure. 

A gas, like a liquid, always eonforms to the 
shape of its eontainer. However, unlike a liquid, a 
gas fills its eontainer. Therefore, in a large vol- 
ume, the gas molecules will be far apart and the 
pressure (ereated by the gas molecules hitting 
eaeh other and the walls of the eontainer) will be 
low. If the volume is reduced, the gas molecules 
will be eloser together, and the pressure will rise. 
Let’s see how this relates to the two phases of 
breathing— inspiration, when air is flowing into 
the lungs, and expiration, when air is leaving 
the lungs. 

Inspiration 

When the inspiratory muscles, the diaphragm and 
external intereostals, eontraet, the size of the 
thoraeie eavity inereases. As the dome-shaped 
diaphragm eontraets, it moves inferiorly and flat- 
tens out (is depressed). As a result, the superior- 
inferior dimension (height) of the thoraeie eavity 
inereases. Contraction of the external intereostals 
lifts the rib eage and thmsts the sternum forward, 
which inereases the anteroposterior and lateral 
dimensions of the thorax (Figure 13.7a). The lungs 
adhere tightly to the thorax walls (because of the 
surface tension of the fluid between the pleural 
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Gíven that the lungs do not have any skeletal muscle, explain what causes them 
to inflate. 


Changes in anterior-posterior and 
superior-inferior dimensions 


Changes in lateral dimensions 
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the lungs 
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- Full inspiration - 

(External 
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Figure 13.7 Rib eage and diaphragm positions during breathing. (a) At the end 

of a normal inspiration: Chest is expanded laterally, rib eage is elevated, and diaphragm is 
depressed and flattened. Lungs are stretehed to the larger thoraeie volume, causing the 
intrapulmonary pressure to fall and air to flow into the lungs. (b) At the end of a normal 
expiration: Chest is depressed and the lateral dimension is reduced, rib eage is 
deseended, and diaphragm is elevated and dome-shaped. Lungs reeoil to smaller 
volume, intrapulmonary pressure rises, and air flows out of lung. 
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membranes), so they are stretehed to the new, 
larger size of the thorax. As intrapulmonary vol- 
ume (the volume within the lungs) inereases, the 
gases within the lungs spread out to fill the larger 
spaee. The resulting deerease in the gas pressure 
in the lungs produces a partial vacuum (pressure 
less than atmospherie pressure), which sucks air 
into the lungs (Figure 13.8). Air continues to move 
into the lungs until the intrapulmonary pressure 
equals atmospherie pressure. This series of events 
is ealled inspiration (inhalation). 

Expiration 

Expiration (exhalation) in healthy people is 
largely a passive proeess that depends more on 
the natural elastieity of the lungs than on muscle 
eontraetion. As the inspiratory muscles relax and 
resume their initial resting length, the rib eage 
deseends and the lungs reeoil (Figure 13.7b). 
Thus, both the thoraeie and intrapulmonary vol- 
umes deerease. As the intrapulmonary volume 
deereases, the gases inside the lungs are foreed 
more elosely together, and the intrapulmonary 
pressure rises to a point higher than atmospherie 
pressure (see Figure 13.8). This causes the gases 
to flow out to equalize the pressure inside and 
outside the lungs. Under normal circumstances, 
expiration is effortless, but if the respiratory pas- 
sageways are narrowed by spasms of the bronehi- 
oles (as in asthma) or elogged with mucus or fluid 
(as in ehronie hronehitis or pnenmonia ), expira- 
tion beeomes an aetive proeess. In such eases of 
foreed expiration, the internal intereostal muscles 
are aetivated to help depress the rib eage, and the 
abdominal muscles eontraet and help to foree air 
from the lungs by squeezing the abdominal organs 
upward against the diaphragm. 

Normally the pressure within the pleural spaee, 
the intrapleural pressure, is always negative, and 
this is the major faetor preventing eollapse of the 
lungs. If for any reason the intrapleural pressure 
beeomes equal to the atmospherie pressure, the 
lungs immediately reeoil eompletely and eollapse. 

HOMEOSTATie IMBALANOE 

During ateleetasis (a"teh-lek' tuh-sis), 
or lung eollapse, the lung is useless for ventilation. 
This phenomenon is seen when air enters the 
pleural spaee through a ehest wound, but it may 
also result from a rupture of the viseeral pleura, 
which allows air to enter the pleural spaee from 
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Figure 13.8 Ohanges in intrapulmonary 
pressure and air flow during inspiration and 
expiration. 


the respiratory traet. The presenee of air in the 
intrapleural spaee, which dismpts the fluid bond be- 
tween the pleurae, is referred to as pneumothorax 
(nu"mo-tho' rakz). Pneumothorax is reversed by 
drawing air out of the intrapleural spaee with ehest 
tubes, which allows the lung to reinfiate and resume 
its normal function. ) 

DID YOU GET IT 

7. VVhat is the most basie function of respiration? 

8 . VVhat causes air to flow out of the lungs during 
expiration? 

For answers, see Appendix D. 

Respiratory Volumes and Capacities 

Define the following respiratory volumes: tidal volume, 
vital eapaeity expiratory reserve volume, inspiratory 
reserve volume, and residual air. 
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Figure 13.9 Idealized traeing of the various respiratory volumes 
of a healthy young adult male. 


,X Name several nonrespiratory air movements, and 
explain how they modify or differ from normal 
respiratory air movements. 

Many faetors affeet respiratory eapaeity—for exam- 
ple, a person’s size, sex, age, and physieal eondi- 
tion. Normal quiet breathing moves approximately 
500 ml of air (about a pint) into and out of the lungs 
with eaeh breath (see Figure 13.8b). This respiratory 
volume is referred to as the tidal volume (TV). 

As a mle, a person ean inhale much more air 
than is taken in during a normal, or tidal, breath. 
The amount of air that ean be taken in foreibly 
over the tidal volume is the inspiratory reserve 
volume (IRV). Normally, the inspiratory reserve 
volume is around 3100 ml. 

Similarly, after a normal expiration, more air 
ean be exhaled. The amount of air that ean be 
foreibly exhaled after a tidal expiration, the 
expiratory reserve volume (ERV), is approxi- 
mately 1200 ml. 

Even after the most strenuous expiration, about 
1200 ml of air still remains in the lungs, and it ean- 
not be vohmtarily expelled. This is the residual 
volume. Residual volume air is important because 
it allows gas exchange to go on continuously even 
between breaths and helps to keep the alveoli 
open (infiated). 

The total amount of exchangeable air (around 
4800 ml in healthy young men and 3100 ml in 
healthy young women) is the vital eapaeity 
(VC). The vital eapaeity is the sum of the TV + 


IRV + ERV. The respiratory vohimes are summa- 
rized in Figure 13.9. 

Note that much of the air that enters the respi- 
ratory traet remains in the conducting zone pas- 
sageways and never reaehes the alveoli. This is 
ealled the dead spaee volume, and during a nor- 
mal tidal breath, it amounts to about 150 ml. The 
functional volume—air that actually reaehes the 
respiratory zone and contributes to gas exchange— 
is about 350 ml. 

Respiratory eapaeities are measured with a 
spirometer (spi-rom'é-ter). As a person breathes, 
the volumes of air exhaled ean be read on an indi- 
eator, which shows the ehanges in air volume 
inside the apparatus. Spirometer testing is useful 
for evaluating losses in respiratory functioning and 
in following the course of some respiratory dis- 
eases. In pneumonia, for example, inspiration is 
obstmeted and the IRV and VC deerease. In 
emphysema, where expiration is hampered, the 
ERV is much lower than normal, and the residual 
volume is higher. 

Nonrespiratory Air Movements 

Many situations other than breathing move air into 
or out of the lungs and may modify the normal 
respiratory rhythm. Coughs and sneezes elear the 
air passages of debris or eolleeted mucus. Laugh- 
ing and erying refleet our emotions. For the most 
part, these nonrespiratory air movements are a 
result of reflex aetivity, but some may be produced 
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Table 13.1 

Nonrespiratory Air (Gas) Movements 

Movement 

Meehanism and resiilt 

Cough 

Taking a deep breath, elosing glottis, and foreing air superiorly from lungs against glottis. 
Then, the glottis opens suddenly and a blast of air rnshes upward. Coughs aet to elear the 
lower respiratory passageways. 

Sneeze 

Similar to a cough, except that expelled air is direeted through nasal eavities instead of 
through oral eavity. The uvula (u'vu-lah), a tag of tissue hanging from the soft palate, 
beeomes depressed and eloses oral eavity off from pharynx, routing the air through nasal 
eavities. Sneezes elear upper respiratory passages. 

Crying 

Inspiration followed by release of air in a number of short expirations. Primarily an 
emotionally induced meehanism. 

Laughing 

Essentially same as erying in terms of the air movements produced. Also an emotionally 
induced response. 

Hiccups 

Sudden inspirations resulting from spasms of diaphragm; initiated by irritation of 
diaphragm or phrenie nerves, which serve diaphragm. The sound occurs when inspired air 
hits voeal folds of elosed glottis. 

Yawn 

Very deep inspiration, taken with jaws wide open; ventilates all alveoli (this is not the ease 
in normal quiet breathing). 


voluntarily. Examples of the most eommon of 
these movements are given in Table 13.1. 

Respiratory Sounds 

As air flows into and out of the respiratory tree, it 
produces two reeognizable sounds that ean be 
pieked up with a stethoseope. Bronehial sounds 
are produced by air mshing through the large res- 
piratory passageways (traehea and bronehi). 
Vesicular (vé-sik'u-lar) breathing sounds occur 
as air fills the alveoli. The vesicular sounds are soft 
murmurs that resemble a muffled breeze. 

HOMEOSTATIC IMBALANOE 

Diseased respiratory tissue, mucus, or 
pus ean produce abnormal sounds such as 
eraekle (a bubbling sound), wheezing (a 
whistling sound), and rales. Rales are abnormal 
bronehial sounds produced by the presenee of 
mucus or exudate in the lung passages or by 
thiekening of the bronehial walls. ) 



DID YOU GET IT 



9. VVhieh is the largest respiratory volume—ERV, IRV, TV, 
or VC? VVhieh is the smallest? 


10. Dead spaee volume accounts for about 150 ml of tidal 
volume. How much of a tidal breath actually reaehes 
the exchange ehambers (alveoli)? 

11. Jimmy broke a left rib during his fall from his bike. It 
punctured the ehest wall. VVhat happened to his left 
lung? VVhy? 

For ansvvers, see Appendix D. 

External Respiration, Gas Transport, 
and Internal Respiration 

Deseribe the proeess of gas exchanges in the lungs 
and tissues. 

Deseribe how oxygen and earbon dioxide are 
transported in the blood. 

As explained earlier, external respiration is the 
actual exchange of gases between the alveoli and 
the blood (pulmonaiy gas exchange), and 
internal respiration is the gas exchange proeess 
that occurs between the systemie eapillaries and 
the tissue eells. It is important to remember that all 
gas exchanges are made aeeording to the laws of 
diffusion; that is, movement occurs toward the 
area of lower eoneentration of the diffusing sub- 
stanee. The relative amounts of 0 2 and C0 2 in the 
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Figure 13.10 Gas exchanges in the body occur 
aeeording to the laws of diffusion. 


alveolar tissues, and in the arterial and venous 
blood, are illustrated in Figure 13.10. 

External Respiration 

During external respiration, dark red blood flow- 
ing through the pulmonaiy circuit is transformed 


into the searlet river that is returned to the heart 
for distribution to the systemie circuit. Although 
this eolor ehange is due to oxygen pickup by 
hemoglobin in the lungs, earbon dioxide is being 
unloaded from the blood equally fast. Because 
body eells continually remove oxygen from blood, 
there is always more oxygen in the alveoli than in 
the blood. Thus, oxygen tends to move from the 
air of the alveoli through the respiratory mem- 
brane into the more oxygen-poor blood of the 
pulmonary eapillaries. 

In eontrast, as tissue eells remove oxygen from 
the blood in the systemie circulation, they release 
earbon dioxide into the blood. Because the eon- 
eentration of earbon dioxide is much higher in the 
pulmonary eapillaries than it is in the alveolar air, 
it will move from the blood into the alveoli and be 
flushed out of the lungs during expiration. Rela- 
tively speaking, blood draining from the lungs into 
the pulmonary veins is rieh in oxygen and poor 
in earbon dioxide, and is ready to be pumped to 
the systemie circulation. 

Gas Transport in the Blood 

Oxygen is transported in the blood in two ways. 
Most attaehes to hemoglobin molecules inside the 
RBCs to form oxyhemoglobin (ok"se-he"mo- 
glo'bin)—Hb0 2 in Figure 13.11a. A very small 
amount of oxygen is earried dissolved in the plasma. 

Most earbon dioxide is transported in plasma 
as the biearbonate ion (HC0 3 _ ), which plays a 
very important role in the blood buffer system. 
(The enzymatie eonversion of earbon dioxide to 
biearbonate ion actually occurs within the red 
blood eells, and then the newly formed biearbon- 
ate ions diffuse into the plasma.) A smaller 
amount (between 20 and 30 pereent of the trans- 
ported C0 2 ) is earried inside the RBCs bound to 
hemoglobin. Carbon dioxide earried inside the 
RBCs binds to hemoglobin at a different site than 
oxygen does, and so it does not interfere in any 
way with oxygen transport. 

Before earbon dioxide ean diffuse out of the 
blood into the alveoli, it must first be released 
from its biearbonate ion form. For this to occur, 
biearbonate ions must enter the red blood eells 
where they eombine with hydrogen ions (H + ) to 
form earbonie aeid (H 2 C0 3 ). Carbonic aeid quickly 
splits to form water and earbon dioxide, and ear- 
bon dioxide then diffhses from the blood and 
enters the alveoli. 
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(a) External respiration in the lungs 

(pulmonary gas exchange) 


(b) Internal respiration in the body tissues 

(systemie eapillary gas exchange) 


Oxygen is loaded into the blood 
and earbon dioxide is unloaded. 



Alveoli (air saes) 




llnloading 
of C0 2 


Hb + O 
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Figure 13.11 Diagrammatie representation of the major means of oxygen (0 2 ) 
and earbon dioxide (C0 2 ) loading and unloading in the body. Note that although 
the eonversion of C0 2 to biearbonate ion and the reverse reaetion are shown occurring in 
the plasma in (b), most such eonversions occur within the red blood eells. Additionally, 
though not illustrated, some C0 2 is earried within red blood eells bound to hemoglobin, 
and very small amounts of 0 2 and C0 2 are earried dissolved in blood plasma. 


HOMEOSTATIC IMBALANOE 

l ^ Impaired oxygen transport: Whatever 
the cause, inadequate oxygen delivery to body 
tissues is ealled hypoxia (hi-pok'se-ah). This 
eondition is easy to reeognize in fair-skinned peo- 
ple because their skin and mucosae take on 
a bluish east (beeome eyanotie; si"ah-not'ik). 
In dark-skinned individuals, this eolor ehange 
ean be observed only in the mucosae and 
nailbeds. Hypoxia may be the result of anemia, 
pulmonary disease, or impaired or bloeked blood 
circulation. 

Carbon monoxide poisoning represents a 
unique type of hypoxia. Oarbon monoxide (CO) is 
an odorless, eolorless gas that eompetes vigor- 
ously with oxygen for the same binding sites on 


hemoglobin. Moreover, because hemoglobin 
binds to CO more readily than to oxygen, earbon 
monoxide is a very successful eompetitor—so 
much so that it crowds out or displaees oxygen. 

Carbon monoxide poisoning is the leading 
cause of death from fire. It is particularly danger- 
ous because it kills its vietims softly and quietly. It 
does not produce the eharaeteristie signs of 
hypoxia—eyanosis and respiratory distress. 
Instead, the vietim beeomes confused and has a 
throbbing headaehe. In rare eases, the skin 
beeomes eherry red (the eolor of the hemoglobin- 
CO complex), which is often interpreted as a 
healthy a blush.” People with CO poisoning are 
given 100 pereent oxygen until the earbon monox- 
ide has been eleared from the body. ) 




































Patients’ lives depend on the 
respiratory therapist’s understanding 
of the lungs and how they work. 

During a eomplieated surgery, 
surgeons and nurses attempt to treat 
the patient, and an anesthesiologist 
keeps the patient breathing. After the 
surgery, a respiratory therapist joins 
the team. The anesthesiologist 
consults with the respiratory therapist, 
who then takes over to monitor the 
patient’s blood for oxygen and earbon 
dioxide levels and pH. For patients on 
breathing tubes, the respiratory 
therapist will help deeide when the 
tube ean be removed—a proeess 
known as extubation. Respiratory 
therapists also ehange settings on 
ventilators so the patient ean breathe 
on his or her own. 

“The goal is to get the patient 
breathing on their own with as little 
supplemental oxygen as possible, 
transition them baek to the ward, 
and then send them home,” says 
Jeffrey Tarnow, a respiratory 
therapist for 25 years at Llniversity of 
California-San Franeiseo Hospital. 

Monitoring postsurgical and 
intensive eare patients is only one of 
Tarnow’s duties. He is on a medieal 
emergeney team that assists floor 
nurses if a patient goes into 
respiratory distress. “We try to put 
out the fire before it turns into a eode 
blue,” he says. 

Tarnow’s shift begins at 7 a.m., 
when his team gets a report from the 
outgoing emergeney team. This 
report alerts them to patients who 
may need elose monitoring—for 
example, patients who have just 
eome to the ward from intensive 


patient breathing on 
their own with as 
little siipplemental 
oxygen as possible, 
transition them baek 
to the ward, and 
then send them 
home. 

eare, patients with traeheotomies, 
and those on a higher level of 
oxygen. The team then makes 
“proaetive rounds,” eheeking in with 
the eharge nurse, to make sure they 
haven’t missed anyone. 

After taking prerequisite courses 
in ehemistry, mierobiology, and 
anatomy and physiology, Tarnow 
eompleted an assoeiate’s degree 
program that included eertifieation. 

To remain lieensed in California, 
Tarnow must eomplete 15 continuing 
education units every 2 years. All 
states except Alaska and Hawaii 
require respiratory therapists to be 
eertified or lieensed. “When you have 
to do an assessment of a patient, 
when you’re listening to breath 
sounds, you need to know what 
lobes you’re listening to, what part of 
the lung is affeeted,” he says. “When 


you’re looking at ehest X rays, you 
need to know what you’re looking at.” 
Also, good communication and 
interpersonal skills help in dealing with 
patients whose lives are at stake. 

Tarnow’s seniority enables him 
to work a day shift, but many 
respiratory therapists work nights 
and weekends. As the adult elinieal 
eoordinator at UCSF, Tarnow only 
works with adult patients, but other 
respiratory therapists work with 
ehildren, ranging from premature 
babies whose lungs are not fully 
developed, to older ehildren 
with respiratory illnesses such as 
eystie fibrosis. Another area of 
speeialization is sleep diagnosties. 

Respiratory therapists work in 
hospitals, nursing homes, doetors’ 
offiees, sleep eenters, home eare, 
and ambulance programs—anywhere 
patients may encounter breathing 
difficulties. Others work in asthma 
education programs or with people 
who want to quit smoking. 

For more information, eontaet the 
Ameriean Assoeiation for Respiratory 
Care: 

9425 N. MacArthur Blvd., Suite 100 
Irving, TX 75063-4706 
(972) 243-2272 
http://www.aarc.org 

For additional information on this eareer, 
eliek the Focus on Careers link at 

www.anatomyandphysiology.com. 
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Internal Respiration 

Internal respiration, the exchange of gases that 
takes plaee between the blood and the tissue eells, 
is the opposite of what occurs in the lungs. In this 
proeess, oxygen is unloaded and earbon dioxide is 
loaded into the blood, as shown in Figure 13.11b. 
Carbon dioxide diffusing out of tissue eells enters 
the blood. In the blood, it eombines with water 
to form earbonie aeid (H 2 C0 3 ), which quickly 
releases the biearbonate ions. As previously men- 
tioned, most eonversion of earbon dioxide to biear- 
bonate ions actually occurs inside the RBCs, where 
a speeial enzyme (earbonie anhydrase) is available 
to speed up this reaetion. Then the biearbonate 
ions diffuse out into plasma, where they are trans- 
ported. At the same time, oxygen is released from 
hemoglobin, and the oxygen diffuses quickly out 
of the blood to enter the tissue eells. As a result of 
these exchanges, venous blood in the systemie eir- 
culation is much poorer in oxygen and rieher in 
earbon dioxide than blood leaving the lungs. 

DID YOU GET IT? 

12. VVhieh type of cellular transport moves respiratory 
gases between the blood and the body’s eells? 

13. VVhat is the major form in which C0 2 is transported in 
the blood? 

14. VVhat is eyanosis? 

For answers, see Appendix D. 

Control of Respiration 

Name the brain areas involved in eontrol of respiration. 

Name several physieal faetors that influence 
respiratory rate. 

Explain the relative importanee of oxygen and earbon 
dioxide in modifying breathing rate and depth. 

Explain why it is not possible to stop breathing 
voluntarily. 

Define apnea, hyperventilation, and hypoventilation. 


by nerve impulses transmitted to them from the 
brain by the phrenie and intereostal nerves. 

Neural eenters that eontrol respiratory rhythm and 
depth are loeated mainly in the mednlla and pons 
(Figure 13.12). The medulla, which sets the basie 
rhythm of breathing, eontains a paeemaker, or 
self-exciting inspiratory eenter, ealled the ventral 
respiratory group or VRG. When its neurons fire, 
a burst of impulses travels along the phrenie 
and intereostal nerves to excite the diaphragm and 
external intereostal muscles, respeetively. The 
medulla also eontains a eenter that modifies the 
aetivity of the paeemaker in a rhythmie way. 
Impulses going baek and forth between the medulla 
eenters maintain a rate of 12-15 respirations/minute. 
This normal respiratory rate is referred to as eupnea 
(up-ne'ah). Pons eenters appear to smooth out 
the basie rhythm of inspiration and expiration set by 
the medulla. 

In addition, the bronehioles and alveoli have 
streteh reeeptors that respond to extreme overin- 
flation (which might damage the lungs) by initiat- 
ing proteetive reflexes. In the ease of overinflation, 
the vagus nerves send impulses from the streteh 
reeeptors to the medulla; soon thereafter, inspira- 
tion ends and expiration occurs. 

During exercise, we breathe more vigorously 
and deeply because the brain eenters send more 
impulses to the respiratory muscles. This respira- 
tory pattern is ealled hyperpnea (hy-perp'ne-ah). 
However, the rate of breathing may not be signifi- 
eantly inereased with exercising. After strenuous 
exercise, expiration beeomes aetive, and the ab- 
dominal muscles and any other muscles eapable of 
lifting the ribs are used to aid expiration. 

HOMEOSTATIC IMBALANCE 

If the medullary eenters are eompletely 
suppressed (as with an overdose of sleeping pills, 
morphine, or aleohol), respiration stops eom- 
pletely, and death occurs. ) 



Although our tidelike breathing seems so beauti- 
fully simple, its eontrol is fairly complex. We will 
eover only the most basie aspeets of the respira- 
tory eontrols. 

Neural Regulation: Setting the 
Basie Rhythm 

The aetivity of the respiratory muscles, the 
diaphragm and external intereostals, is regulated 


Nonneural Faetors lnfluencing Respìratory 
Rate and Depth 

Physieal Faetors Although the medulla’s respira- 

tory eenters set the basie rhythm of breathing, 
there is no question that physieal faetors such 
as talking, coughing, and exercising ean modify 
both the rate and depth of breathing. We have 
already examined some of these faetors in the ear- 
lier discussion of nonrespiratory air movements. 
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Figure 13.12 Breathing eontrol eenters, sensory inputs, and effeetor nerves. 


inereased body temperature causes an inerease in 
the rate of breathing. 

Volition (Conscious Oontrol) We all have eon- 

sciously eontrolled our breathing pattern at one 
time or another. During singing and swallowing, 
breath eontrol is extremely important, and many 
of us have held our breath for short periods to 
swim underwater. However, vohmtary eontrol of 
breathing is limited, and the respiratory eenters 
will simply ignore messages from the cortex (our 
wishes) when the oxygen supply in the blood is 
getting low or blood pH is falling. All you need do 
to prove this is to try to talk normally or to hold 
your breath after mnning at breakneek speed for a 
few minutes. It simply eannot be done. Many tod- 
dlers tiy to manipulate their parents by holding 
their breath “to death.” Even though this threat 


causes many parents to beeome anxious, they 
need not worry because the invohmtary eontrols 
take over and normal respiration begins again. 

Emotional Faetors Emotional faetors also modify 

the rate and depth of breathing. Have you ever 
watched a horror movie with bated (held) breath 
or been so seared by what you saw that you were 
nearly panting? Have you ever touched something 
eold and elammy and gasped? All of these result 
from reflexes initiated by emotional stirmali aeting 
through eenters in the hypothalamus. 

ehemieal Faetors Although many faetors ean 

modify respiratory rate and depth, the most impor- 
tant faetors are ehemieal—the levels of earbon 
dioxide and oxygen in the blood. Inereased levels 
of earbon dioxide and deereased blood pH are the 





















Chapter 13: The Respiratory System 


most important stimuli leading to an inerease in 
the rate and depth of breathing. (Actually, an 
inerease in earbon dioxide levels and deereased 
blood pH are the same thing in this ease, because 
earbon dioxide retention leads to inereased levels 
of earbonie aeid, which deerease the blood pH.) 
ehanges in earbon dioxide eoneentrations in the 
blood seem to aet direetly on the medulla eenters 
by influencing the pH of eerebrospinal fluid (CSF) 
(see Figure 13.12). 

Conversely, ehanges in oxygen eoneentration 
in the blood are deteeted by peripheral ehemore- 
eeptor regions in the aorta (aortie body in the aor- 
tie areh) and in the fork of the eommon earotid 
artery (the earotid body). These, in turn, send 
impulses to the medulla when blood oxygen lev- 
els are dropping. Although every eell in the body 
must have oxygen to live, it is the body’s need to 
rid itself of earbon dioxide (not to take in oxygen) 
that is the most important stimulus for breathing in 
a healthy person. Deereases in oxygen levels 
beeome important stimuli only when the levels are 
dangerously low. 

HOMEOSTATIC IMBALANCE 

In people who retain earbon dioxide, 
such as people with emphysema, ehronie bronehi- 
tis, or other ehronie lung diseases, the brain no 
longer reeognizes inereased levels of earbon diox- 
ide as important. In such eases, dropping oxygen 
levels beeome the respiratory stimulus. This inter- 
esting faet explains why such patients are always 
given low levels of oxygen. If they were given 
high levels, they would stop breathing because 
their respiratory stimulus (low oxygen levels) 
would be gone. ) 

The respiratory system in healthy individuals 
has homeostatie meehanisms. As earbon dioxide 
or other sources of aeids begin to accumulate in 
blood and blood pH starts to drop, you begin to 
breathe more deeply and more rapidly. Notiee that 
this breathing pattern, ealled hyperventilation, is 
distinet from the hyperpnea of exercise. Hyper- 
ventilation blows off more earbon dioxide and de- 
ereases the amount of earbonie aeid, which returns 
blood pH to the normal range. 

On the other hand, when blood starts to 
beeome slightly alkaline, or basie (for whatever 
reason), breathing slows and beeomes more shal- 
low. Slower breathing allows earbon dioxide to 



accumulate in the blood and brings blood pH 
baek into normal range. 

Indeed, eontrol of breathing during rest is aimed 
primarily at regulating the hydrogen ion eoneentra- 
tion in the brain. Hypoventilation (extremely slow 
or shallow breathing) or hyperventilation ean dra- 
matieally ehange the amount of earbonie aeid in the 
blood. Carbonic aeid inereases dramatieally during 
hypoventilation and deereases substantially during 
hyperventilation. In both situations, the buffering 
ability of the blood is likely to be overwhelmed; the 
result is aeidosis or alkalosis. 

HOMEOSTATIC IMBALANCE 

Hyperventilation, often brought on by 
anxiety attaeks, frequently leads to brief periods 
of apnea (ap'ne-ah), eessation of breathing, until 
the earbon dioxide builds up in the blood again. 
If breathing stops for an extended time, eyanosis 
may occur as a result of insufficient oxygen in the 
blood. In addition, the hyperventilating person 
may get dizzy and faint because the resulting 
alkalosis causes eerebral blood vessels to eon- 
striet. Such attaeks ean be prevented by having 
the hyperventilating individual breathe into a 
paper bag. Because exhaled air eontains more 
earbon dioxide than atmospherie air, it upsets the 
normal diffusion gradient that causes earbon 
dioxide to be unloaded from the blood and leave 
the body. As a result, earbon dioxide (and thus 
earbonie aeid) levels begin to rise in the blood, 
ending alkalosis. ) 



DID YOU GET IT 



15. VVhieh brain area is most important in setting the basie 
respiratory rate and rhythm? 

16 . VVhat ehemieal faetor in blood normally provides the 
most powerful stimulus to breathe? 

For answers, see Appendix D. 


Respiratory Disorders 

,z Deseribe symptoms and probable causes of COPD 
and lung eaneer. 

HOMEOSTATie IMBALANCE 

The respiratory system is particularly 
vulnerable to infeetions because it is open to air- 
borne pathogens. We have already eonsidered some 
of these inflammatory eonditions, such as rhinitis 




I\ [ oseriook 



Ah, spring is here! You ean tell 
by the sound of the wheezing and 
sneezing, not to mention the gult 
of advertisements for hay fever 
medieations. It seems that just 
about everyone is allergie to 
something. A century ago, allergies 
were rare—a disease of rieh eity folk 
who had the best food, water, and 
medieal eare that money could buy. 
In eities of North Ameriea and 
Europe, allergies are now 
eommonplaee, and asthma is a 
serious problem for many ehildren. 

Asthma is a ehronie inflammation 
of the small lung passages. In 
allergie asthma, allergens trigger 
eonstrietion of these passages, 
making it difficult to breathe. Over 
the past 20 years, the eases of 
asthma have inereased by about 
75 pereent in the U.S. and Oanada, 
yet asthma and allergy are still 
rare in developing countries. 

What is behind this? The cause 
ean’t be genetie because the 
inerease in allergy and asthma has 
been much too rapid. dearly, there 
is something about living in an 
industrialized soeiety that inereases 
the risk of allergy. The observation 
that the inerease in allergy is 
eorrelated with the deerease in 
ehildhood diseases (smallpox, 
measles, whooping cough, and 
others) has led to the hygiene 
hypothesis. The twentieth century 
saw remarkable advanees in public 
health. Improvements in public 
sanitation and water supplies 
together with universal vaeeination 
and the judicious use of antibioties 
have kept us living longer, healthier 
lives and have drastieally reduced 


infant mortality in the industrialized 
world. The eost? Allergy. 

Baek in the “good old days” when 
we lived in squalor, newborns fell prey 
to a wide variety of ehildhood 
diseases. Those that survived the 
ehildhood diseases ended up with an 
immune system that had reeeived a 
well-rounded education. Today, 
ehildren are immunized against 
ehildhood infeetions and are often 
given antibioties that wipe out 
benefieial symbiotie baeteria of the 
gut. Kept inside houses sterilized by 
antiseptie soaps, ehildren don’t play 
in (and eat) dirt as much as they 
used to. Aeeording to the hygiene 
hypothesis, the result is that ehildren’s 
immune systems aren’t exposed to 
the large numbers of pathogens and 
toxins they onee were. Voilà! Allergy. 

This simple story doesn’t tell all, 
though. First, it isn’t quite true that 
people in the third world don’t have 
allergies—although they make IgE, 
they don’t respond when exposed 
to allergens. It turns out that most 
people in developing countries are 
infeeted by parasites, particularly 
intestinal worms. When cured of the 
worm infeetions, they get allergies. 

It seems that the worms aetively 
suppress the immune system. 

A seeond problem with the 
hygiene hypothesis is that allergy 
isn’t the only immune disorder on 
the rise. Autoimmune diseases in 
ehildren and young adults, such 
as type 1 diabetes and multiple 
selerosis, have also inereased in 
industrial soeieties. 

Normally, as regulatory T eells 
beeome established during infaney, 



the host beeomes tolerant to the 
antigens these eells have been 
exposed to, preventing allergy and 
autoimmune disorders. Regulatory 
T eell development may also 
depend on the presenee of the 
very baeteria depleted by 
antibioties and excessive 
eleanliness. Thus, allergy and 
autoimmune disorders may be 
the result of faulty regulatory 
T eell development. 

Perhaps, in our haste to rid 
ourselves of household dust, dirt, 
baeteria, and parasites, we have 
eliminated the signals our immune 
systems need to fully mature. 
Seientists are now seeking ways to 
imitate these lost signals. 

Instead of relying on injeetions 
of synthetie “dirt,” perhaps we 
need to rethink our obsession with 
eleanliness. eiearly, no one wants to 
return to the “good old days” when 
25 pereent of infants died, but it may 
be that allowing babies to get a little 
dirtier early in life should be looked at 
as a golden opportunity to prevent 
allergy and asthma later on! 
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and tonsillitis. Some modifieations of breathing 
depth and rhythm are eonsidered in the previous 
seetion. Now we will turn our attention to the most 
disabling respiratory disorders, the group of diseases 
eolleetively referred to as ehronie obstmetive pul- 
monary disease (COPD) and lung eaneer. These 
disorders are “living proof” of eigarette smoking’s 
devastating effeets on the body. Long known to pro- 
mote cardiovascular disease, eigarettes are perhaps 
even more effeetive at destroying the lungs. 

Chronic Obstmetive Pulmonary Disease (COPD) 

The ehronie obstructive pulmonary diseases, 

exemplified by ehronie bronehitis and emphysema 
(em"fí-se'mah), are a major cause of death and 
disability in the United States. These diseases have 
eertain features in eommon: (1) Patients almost 
always have a history of smoking; (2) dyspnea 
(disp'ne-ah), difficult or labored breathing, often 
referred to as “air hunger,” occurs and beeomes 
progressively more severe; (3) coughing and fre- 
quent pulmonary infeetions are eommon; and 
(4) most COPD vietims are hypoxic, retain earbon 
dioxide and have respiratory aeidosis, and ulti- 
mately develop respiratory failure (Figure 13.13). 

In ehronie bronehitis, the mucosa of the 
lower respiratory passages beeomes severely 
inflamed and produces excessive amounts of 
mucus. The pooled mucus impairs ventilation 
and gas exchange and dramatieally inereases the 
risk of lung infeetions, including pneumonias. 
Chronic bronehitis patients are sometimes ealled 
“blue bloaters” because hypoxia and earbon 
dioxide retention occur early in the disease and 
eyanosis is eommon. 

In emphysema, the alveoli enlarge as the walls 
of adjaeent ehambers break through, and ehronie 
inflammation promotes fibrosis of the lungs. As the 
lungs beeome less elastie, the aiiways eollapse dur- 
ing expiration and obstmet outflow of air. As a result, 
these patients use an ineredible amount of energy to 
exhale, and they are always exhausted. Because air 
is retained in the lungs, oxygen exchange is surpris- 
ingly effieient, and eyanosis does not usually appear 
until late in the disease. Consequently, emphysema 
sufferers are sometimes referred to as “pink puffers.” 
However, overinflation of the lungs leads to a per- 
manently expanded barrel ehest. 

Lung Oaneer 

Lung eaneer is the leading cause of eaneer death 
for both men and women in North Ameriea, 



Figure 13.13 The pathogenesis of COPD. 


causing more deaths than breast, prostate, and 
eoloreetal eaneer eombined. This is tragie, 
because lung eaneer is largely preventable— 
nearly 90 pereent of lung eaneers are the result of 
smoking. The cure rate for lung eaneer is notori- 
ously low; most vietims die within 1 year of diag- 
nosis. The overall 5-year survival of those with 
lung eaneer is about 17 pereent. Because lung 
eaneer is aggressive and metastasizes rapidly and 
widely, most eases are not diagnosed until they 
are well advaneed. 

Ordinarily, nasal hairs, stieky mucus, and the 
aetion of eilia do a fine job of proteeting the lungs 
from ehemieal and biologieal irritants, but smok- 
ing overwhelms these eleansing deviees and they 
eventually stop functioning. Continuous irritation 
prompts the production of more mucus, but smok- 
ing slows the movements of eilia that elear this 
mucus and depresses the aetivity of lung 
maerophages. One result is a pooling of mucus in 
the lower respiratory tree and an inereased fre- 
quency of pulmonary infeetions, including pneu- 
monia and ehronie obstmetive pulmonary disease 
(COPD). However, it is the irritating effeets of the 
“eoektail” of free radieals, highly addietive nieotine, 
and other eareinogens in tobaeeo smoke that ulti- 
mately lead to lung eaneer. 
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The three most eommon types of lung eaneer 
are (1) squamous eell eareinoma (25-30 pereent 
of eases), which arises in the epithelium of the 
larger bronehi and tends to form masses that hol- 
low out and bleed; (2) adenoeareinoma (40 per- 
eent), which originates as solitary nodules that 
develop from bronehial glands and alveolar eells; 
and (3) small eell eareinoma (about 20 pereent), 
which eontains lymphoeyte-like eells that originate 
in the main bronehi and grow aggressively in 
small grapelike clusters within the mediastinum, a 
site from which metastasis is espeeially rapid. 

The most effeetive treatment for lung eaneer is 
eomplete removal of the diseased lung lobes in an 
attempt to halt metastasis. However, removal is an 
option open to very few lung eaneer patients 
because metastasis has usually occurred by the time 
the eaneer is diagnosed. In most eases, radiation 
therapy and ehemotherapy are the only options, but 
most lung eaneers are resistant to these treatments. 

Fortunately, there are several new therapies on 
the horizon. These include (1) antibodies that target 
speeifie molecules required by the tumor or that 
deliver toxic agents direetly to the tumor, (2) eaneer 
vaeeines to stinmlate the immune system, and 
(3) various forms of gene therapy to replaee the 
defeetive genes that make tumor eells divide eontin- 
uously. As elinieal trials progress, we will learn which 
of these approaehes is most effeetive. But remember, 
prevention is worth a pound of cure. Quitting smok- 
ing is a valuable goal. Consider the alternative. ) 


DID YOU GET IT 



17. Alvin, a smoker, sees his doetor because he has a 
persistent cough and is short of breath after very little 
exertion. He has a barrel ehest and explains that it is 
diffieiilt for him to exhale. VVhat diagnosis will the 
doetor make? 


For the answer, see Appendix D. 


Developmental Aspeets of 

the Respiratory System 

,z Deseribe normal ehanges that occur in respiratory 
system functioning from infaney to old age. 

In the fetus, the lungs are filled with fluid, and all 
respiratory exchanges are made by the plaeenta. 
At birth, the fluid-filled pathway is drained, and 
the respiratory passageways fill with air. The alve- 


oli inflate and begin to function in gas exchange, 
but the lungs are not fully inflated for 2 weeks. 
The success of this ehange—that is, from nonfunc- 
tional to functional respiration—depends on the 
presenee of surfactant (sur-fak'tant), a fatty mol- 
ecule made by the cuboidal alveolar eells (see 
Figure 13.6). Surfactant lowers the surface tension 
of the film of water lining eaeh alveolar sae so that 
the alveoli do not eollapse between eaeh breath. 
Surfactant is not usually present in large enough 
amounts to aeeomplish this function until late in 
pregnaney, that is, between 28 and 30 weeks. 

HOMEOSTATIC IMBALANCE 

Infants who are born prematiirely 
(before week 28) or in whom surfactant production 
is inadequate for other reasons (as in many infants 
born to diabetie mothers) have infant respiratory 
distress syndrome (IRDS). These infants have dys- 
pnea within a few hours after birth and use tremen- 
dous amounts of energy just to keep reinflating their 
alveoli, which eollapse after eaeh breath. Although 
IRDS still accounts for over 20,000 newborn deaths a 
year, many of these babies srnvive now because of 
the current use of equipment that supplies a positive 
pressure continuously and keeps the alveoli open 
and working in gas exchange until the matming 
lungs produce adequate amounts of surfactant. 

Important birth defeets of the respiratory system 
include eleft palate and eystie fibrosis. Cystic fibro- 
sis (CF), the most eommon lethal genetie disease 
in the United States, strikes in 1 out of every 2,400 
births, and every day two ehildren die of it. CF 
causes overseeretion of a thiek mucus that elogs the 
respiratory passages and puts the ehild at risk for 
fatal respiratory infeetions. It affeets other seeretory 
proeesses as well. Most important, it impairs food 
digestion by elogging ducts that deliver panereatie 
enzymes and bile to the small intestine. Also, sweat 
glands produce an extremely salty perspiration. At 
the heart of CF is a faulty gene that eodes for the 
CFTR protein. CFTR works as a ehloride (CP) ehan- 
nel to eontrol the flow of CU into and out of eells. 
In people with the mutated gene, CFTR gets “stuck” 
in the endoplasmie reticulum and is unable to reaeh 
the plasma membrane to perform its normal role. 
Consequently, less CU is seereted and less water 
follows, resulting in the thiek mucus typieal of CF. 
Conventional therapy for CF is mucus-dissolving 
drngs, “elapping” the ehest to loosen the thiek 
mucus, and antibioties to prevent infeetion. ) 







Homeostatie Relationships between the 
Respiratory System and Other Body Systems 


Endoerine System 


Respiratory system provides 
oxygen; disposes of earbon 
dioxide 

Epinephrine dilates the bronehioles; 
testosterone promotes laryngeal 
enlargement in pubertal males 


Lymphatie System/lmmunity 


Respiratory system provides 
oxygen; disposes of earbon 
dioxide; tonsils in pharynx 
house imrrmne eells 
Lymphatie system helps to 
maintain blood volume required 
for respiratory gas transport; 
immune system proteets 
respiratory organs from 
pathogens and eaneer 


Digestive System 


Respiratory system provides 


oxygen; disposes of earbon 
dioxide 

Digestive system provides 
nutrients needed by 
respiratory system 


Llrinary System 


Respiratory system provides 
oxygen; disposes of earbon dioxide 
Kidneys dispose of metabolie vvastes 
of respiratory system organs (other 
than earbon dioxide) 



Muscular System 


Respiratory system provides oxygen 
needed for muscle aetivity; disposes 
of earbon dioxide 

The diaphragm and intereostal muscles 
produce volume ehanges neeessary 
for breathing; regular exercise 
inereases respiratory effieieney 


Nervous System 


Respiratory system provides 
oxygen needed for normal neural 
aetivity; disposes of earbon 
dioxide 

Medullary and pons eenters 
regulate respiratory rate/depth; 
streteh reeeptors in lungs and 
ehemoreeeptors in large arteries 
provide feedbaek 


Respiratory System 


Cardiovascular System 


Respiratory system provides 
oxygen; disposes of earbon 
dioxide; earbon dioxide present 


in blood as HCO 


3 _ and H 2 C0 3 


contributes to blood buffering 
Blood transports respiratory 
gases 


Reproductive System 


Respiratory system provides 
oxygen; disposes of earbon 
dioxide 


lntegumentary System 


Respiratory system provides 
oxygen; disposes of earbon 
dioxide 

Skin proteets respiratory system 
organs by forming surface 
barriers 


Skeletal System 


Respiratory system provides 
oxygen; disposes of earbon 
dioxide 

Bones enelose and proteet lungs 
and bronehi 
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The respiratory rate is highest in newborn 
infants, about 40 to 80 respirations per minute. It 
continues to drop through life: In the infant it is 
around 30 per minute, at 5 years it is around 25 per 
minute, and in adults it is 12 to 18 per minute. 
However, the rate often inereases again in old age. 
The lungs continue to mature throughout ehild- 
hood, and more alveoli are formed until young 
adulthood. But in people who begin smoking dur- 
ing the early teens, the lungs never eompletely 
mature, and those additional alveoli are lost forever. 

HOMEOSTATIC IMBALANOE 

Sudden infant death syndrome 
(SIDS) , also ealled erib death, elaims many new- 
born infants. Apparently healthy infants stop breath- 
ing and die in their sleep, leaving their anguished 
parents to faee eharges of ehild abuse in some 
eases. Believed to be a problem of neural eontrol of 
respiration, most eases occur in infants plaeed in a 
prone position (on their abdomen) to sleep. Sinee 
1992, the reeommendation to plaee infants on their 
baek to sleep has resulted in a deeline of 40 pereent 
in SIDs eases in the United States. ) 

Except for sneezes or coughs (responses to irri- 
tants), and the oeeasional eommon eold that bloeks 
the upper respiratory passageways with mucus, the 
respiratory system works so effieiently and 
smoothly that we are not even aware of it. Most 
problems that occur are a result of external faetors 
—for example, obstmetion of the traehea by a 
pieee of food, or aspiration of food partieles or 
vomitus (which leads to aspiration pneumonia). 
Some unfortunate individuals are plagued by 
asthma, caused by ehronieally inflamed, hypersen- 
sitive bronehial passages that respond to many irri- 
tants (such as dust mite and eoekroaeh droppings, 



dog dander, and fungi) with dyspnea, coughing, 
and wheezing. “A Closer Look” on p. 456 discusses 
how hygiene may be related to reeent inereases in 
eases of asthma. 

For many years, tuberculosis and pneumonia 
were the worst killers in the United States. Antibioties 
have deereased their lethal threat to a large extent, 
but they are still dangerous diseases. Newly diag- 
nosed, and frequently dmg-resistant, tuberculosis 
eases in AIDS patients are inereasing by leaps and 
bounds the world over, but atpresent the most dam- 
aging and disabling respiratory diseases are still 
those deseribed above, COPD and lung eaneer. 

As we age, the ehest wall beeomes more rigid 
and the lungs begin to lose their elastieity, result- 
ing in a slowly deereasing ability to ventilate the 
lungs. Vital eapaeity deereases by about one-third 
by the age of 70. In addition, blood oxygen levels 
deerease, and sensitivity to the stimulating effeets 
of earbon dioxide deereases, particularly in a 
reelining or supine position. As a result, many old 
people tend to beeome hypoxic during sleep and 
exhibit sleep apnea. 

Additionally, many of the respiratory system’s 
proteetive meehanisms also beeome less effieient 
with age. Ciliary aetivity of the mucosa deereases, 
and the phagoeytes in the lungs beeome sluggish. 
The net result is that the elderly population is 
more at risk for respiratory traet infeetions, partie- 
ularly pneumonia and influenza. 


DID YOU GET IT 



18 . VVhat happens to the alveoli if surfactant is not 

produced in a nevvborn baby? VVhat name is given to 
this eondition? 

For the answer, see Appendix D. 


Summan/ 

Aeeess more revievv material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included belovv. 

iP = interaetive Physiology 


Functional Anatomy of the Respiratory System 

(pp. 436-445) 

1. The nasal eavity, the ehamber within the nose, is 
divided medially by a nasal septum and separated 
from the oral eavity by the palate. The nasal eavity 
is lined with a rmieosa, which warms, filters, and 
moistens ineoming air. The mucosa also eontains 
reeeptors for sense of smell. Paranasal sinuses and 
nasolaerimal ducts drain into the nasal eavity. 
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2. The pharynx (throat) is a mucosa-lined, muscular 
tube with three regions—nasopharynx, oropharynx, 
and laryngopharynx. The nasopharynx functions in 
respiration only; the others serve both respiratory 
and digestive functions. The pharynx eontains ton- 
sils, which aet as part of the body’s defense system. 

3. The larynx (voiee box) is a cartilaginous structure; 
most prominent is the thyroid eartilage (Adam’s 
apple). The larynx eonneets the pharynx with the 
traehea below. The laryngeal opening (glottis) is 
hooded by the epiglottis, which prevents entry of 
food or drink into respiratory passages when swal- 
lowing. The larynx eontains the voeal folds (true 
voeal eords), which produce sounds used in speeeh. 

4. The traehea (windpipe) extends from the larynx to 
the main bronehi. The traehea is a smooth-rmisele 
tube lined with a eiliated mucosa and reinforeed 
with C-shaped cartilaginous rings, which keep the 
traehea patent. 

3. Right and left main (primary) bronehi result from 
subdivision of the traehea. Eaeh plunges into the 
hilum of the lung on its side. 

6. The lungs are paired organs flanking the medi- 
astinum in the thoraeie eavity. The lungs are eov- 
ered with pulmonary (viseeral) pleura; the thorax 
wall is lined with parietal pleura. Pleural seeretions 
deerease frietion during breathing. The lungs are 
primarily elastie tissue and passageways of the res- 
piratory tree. The smallest passageways end in 
ehisters of alveoli. 

7. The conducting zone includes all respiratory pas- 
sages from the nasal eavity to the terminal bronehi- 
oles; they conduct air to and from the hmgs. 
Respiratory bronehioles, alveolar ducts and saes, 
and alveoli—which have thin walls through which 
all gas exchanges are made with pulmonary eapil- 
lary blood—are respiratory zone structures. 

iP Respiratory System Topie: Anatomy Review: 

Respiratory Structures, pp. 3-12. 

Respiratory Physiology (pp. 445-455) 

1. Meehanies of breathing: Gas travels from high- 
pressure to low-pressure areas. Pressure outside the 
body is atmospherie pressure; pressure inside 
the lungs is intrapulmonary pressure; pressure in 
the intrapleural spaee is intrapleural pressure 
(which is always negative). Movement of air into 
and out of the hrngs is ealled pulmonary ventila- 
tion, or breathing. When inspiratory muscles eon- 
traet, intrapulmonary volume inereases, its pressure 
deereases, and air mshes in (inspiration). When 
inspiratory muscles relax, the lungs reeoil and air 


mshes out (expiration). Expansion of the hmgs is 
helped by eohesion between pleurae and by the 
presenee of surfactant in alveoli. 

iP Respiratory System Topie: Pulmonary Ventila- 
tion, pages 3-10. 

2. Respiratory volumes and eapaeities: Air vohimes 
exchanged during breathing are TV, IRV, ERV, and 
VC (see p. 448 for vahies). Residual volume is 
nonexchangeable respiratory volume and allows 
gas exchange to go on continually. 

3. Nonrespiratory air movements: Nonrespiratory air 
movements are vohmtary or reflex aetivities that 
move air into or out of the hmgs. These include 
coughing, sneezing, laughing, erying, hiccuping, 
yawning. 

4. Respiratory sounds: Bronehial sounds are sounds 
of air passing through large respiratory passage- 
ways. Vesicular breathing sounds occur as air fills 
alveoli. 

3. External respiration, gas transport, and internal 
respiration: Gases move aeeording to the laws of 
diffusion. Oxygen moves from alveolar air into 
pulmonary blood. Most oxygen is transported 
bound to hemoglobin inside RBCs. Carbon dioxide 
moves from pulmonary blood into alveolar air. 
Most earbon dioxide is transported as biearbonate 
ion in plasma. At body tissues, oxygen moves from 
blood to the tissues, whereas earbon dioxide 
moves from the tissues to blood. 

iP Respiratory System Topie: Gas Transport, pp. 
3 - 12 . 

6. Control of respiration 

a. Nervous eontrol: Neural eenters for eontrol of 
respiratory rhythm are in the medulla and pons. 
The medulla is the respiratory rate “paeemaker.” 
Reflex ares initiated by streteh reeeptors in the 
hmgs also play a role in respiration by notifying 
neural eenters of excessive overinflation. 

b. Physieal faetors: Inereased body temperature, 
exercise, speeeh, singing, and nonrespiratory air 
movements modify both rate and depth of 
breathing. 

e. Volition: To a degree, breathing may be eon- 
sciously eontrolled if it does not interfere with 
homeostasis. 

d. Emotional faetors: Some emotional stimuli ean 
modify breathing. Examples are fear, anger, and 
excitement. 

e. ehemieal faetors: ehanges in blood levels of ear- 
bon dioxide are the most important stimuli 
affeeting respiratory rhythm and depth. Carbon 
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dioxide aets direetly on the mediilla via its effeet 
on reducing the pH of blood and CSF. Rising 
levels of earbon dioxide in blood result in faster, 
deeper breathing; falling levels lead to shallow, 
slow breathing. Hyperventilation may result in 
apnea and dizziness, due to alkalosis. Oxygen, 
monitored by peripheral ehemoreeeptors, is less 
important as a respiratory stimulus in normal, 
healthy people. It is the stimulus for people 
whose systems have beeome accustomed 
to high levels of earbon dioxide as a result of 
disease. 

Respiratory Disorders (pp. 455-458) 

1. The major respiratory disorders are COPD (emphy- 
sema and ehronie bronehitis) and lung eaneer. A 
signifieant cause is eigarette smoking. 

2. Emphysema is eharaeterized by permanent 
enlargement and destmetion of alveoli. The lungs 
lose their elastieity, and expiration beeomes an 
aetive proeess. 

3. Chronic bronehitis is eharaeterized by excessive 
mucus production and its pooling in lower respira- 
tory passageways, which severely impairs ventilation 
and gas exchange. Patients may beeome eyanotie as 
a result of ehronie hypoxia. 

4. Lung eaneer is extremely aggressive and metasta- 
sizes rapidly. The three most eommon lung eaneers 
are squamous eell eareinoma, adenoeareinoma, 
and small eell eareinoma. 

Developmental Aspeets of the Respiratory 

System (pp. 458-460) 

1. Premature infants have problems keeping their 
lungs inflated because of laek of surfactant in their 
alveoli. (Surfactant is formed late in pregnaney.) 

2. The most important birth defeets of the respiratory 
system are eleft palate and eystie fibrosis. 

3. The lungs continue to mature until young adult- 
hood. 

4. During youth and middle age, most respiratory 
system problems are a result of external faetors, 
such as infeetions and substances that physieally 
bloek respiratory passageways. 

3. In old age, the thorax beeomes more rigid and 
hrngs beeome less elastie, leading to deereased 
vital eapaeity. Proteetive meehanisms of the respi- 
ratory system beeome less effeetive in elderly per- 
sons, predisposing them to more respiratory traet 
infeetions. 


Rei/ieM/ Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. When you exhale, air flows through respiratory 
structures in which sequence? 

a. Alveolus, bronehiole, bronchus, larynx, traehea, 
pharynx, nasal eavity 

b. Alveolus, traehea, bronchus, bronehiole, larynx, 
pharynx, nasal eavity 

e. Alveohis, bronchus, bronehiole, traehea, larynx, 
pharynx, nasal eavity 

d. Alveohis, bronehiole, bronchus, traehea, larynx, 
pharynx, nasal eavity 

2. When you inhale, the diaphragm 

a. relaxes and moves inferiorly. 

b. relaxes and moves superiorly. 

e. eontraets and moves superiorly. 

d. eontraets and moves inferiorly. 

3. During inspiration, intrapulmonary pressure is 

a. greater than atmospherie pressure. 

b. less than atmospherie pressure. 

e. greater than intrapleural pressure. 

d. less than intrapleural pressure. 

4. Lung eollapse is prevented by 

a. high surface tension of alveolar fluid. 

b. adhesion of the pleural membranes. 

e. high pressure in the pleural eavities. 

d. high elastieity of lung tissue. 

3. Disorders elassified as COPDs include 

a. pneumonia. e. bronehitis. 

b. emphysema. d. sleep apnea. 

6. Which of the following ehanges will aeeompany 
the loss of lung elastieity assoeiated with aging? 

a. Inerease in tidal volume 

b. Inerease in inspiratory reserve volume 

e. Inerease in residual volume 

d. Inerease in vital eapaeity 

7. Which of the following is not part of the conduct- 
ing zone of the respiratory system? 

a. Pharynx d. Seeondary bronehioles 

b. Alveolar sae e. Larynx 

e. Traehea 
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Short Ansvver Essay 

8. elearly explain the differenee between external 
and internal respiration. 

9. Traee the route of air from the nares to an alveolus. 

10. Why is it important that the traehea be reinforeed 
with cartilaginous rings? What is the advantage of 
the faet that the rings are ineomplete posteriorly? 

11. Where in the respiratory traet is the air filtered, 
warmed, and moistened? 

12. The traehea has goblet eells that produce mucus. 
What is the speeifie proteetive function of the mucus? 

13- In terms of general health, what is the importanee of 
the faet that the pharyngotympanie tubes and the si- 
nuses drain into the nasal eavities and nasopharynx? 

14. What is it about the structure of the alveoli that 
makes them an ideal site for gas exchange? 

13. What do TV, ERV, and VC mean? 

16. Name several nonrespiratory air movements, and 
explain how eaeh differs from normal breathing. 

17. The eontraetion of the diaphragm and the external 
intereostal muscles begins inspiration. What hap- 
pens, in terms of vohime and pressure ehanges in 
the lungs, when these muscles eontraet? 

18. What is the major way that oxygen is transported in 
the blood? 

19- What determines in which direetion earbon dioxide 
and oxygen will diffuse in the lungs? In the tissues? 

20. Name the two major brain areas involved in the 
nervous eontrol of breathing. 

21. Name three physieal faetors that ean modify respi- 
ratory rate or depth. 

22. Name two ehemieal faetors that modify respiratory 
rate and depth. Which is usually more important? 

23. Define hyperventilation. If you hyperventilate, do 
you retain or expel more earbon dioxide? What 
effeet does hyperventilation have on blood pH? On 
breathing rate? 

24. Compare and eontrast the signs and symptoms of 
emphysema and ehronie bronehitis. 


[ritieal Thinking and 
dinieal Applieation 
Questions 

23. After putting her 1-year-old boy (who puts virtually 
everything in his mouth) down for a nap, a mother 
failed to find one of the larger beads she used to 
make the custom jewelry she produces for sale. 
Two days later, the boy developed a cough and 
beeame feverish. What is likely to have happened 
to the bead, and where (anatomieally) would you 
expect it to be found? 

26. Why doesn’t Mom have to worry when 3-year-oìd 
Johnny threatens to a hold his breath till he dies”? 

27. Mr. Rasputin bumped a bee’s nest while making 
repairs on his roof. Not surprisingly, he was 
promptly stung several times. Because he knew he 
was allergie to bee stings, he mshed to the hospital. 
While waiting, he went into a state of shoek and 
had extreme difficulty breathing. Examination 
showed his larynx to be edematous, and a tra- 
eheostomy was performed. Why is edema of the 
larynx likely to obstmet the airway? What is a tra- 
eheostomy, and what purpose does it serve? 

28. As a result of a stroke, Mrs. Minniek’s swallowing is 
uncoordinated. What detrimental effeet might this 
have on her ability to breathe? 

29. Aspirin is an aeidie substance. Deseribe the path- 
way by which an aspirin overdose causes an 
inerease in respiratory rate, and explain how this 
inerease would be helpful to the vietim. 

30. Nine-year-old Jerry stumbled into the dmg store 
gasping for breath. Blood was oozing from a small 
hole in his ehest wall. When the paramedies arrived 
they said that Jerry had been shot and suffered a 
pneumothorax and ateleetasis. Just what do both of 
these terms mean, and how do you explain his res- 
piratory distress? How will it be treated? 










fun(tion prei híw 

I The digestive system breaks down ingested food into partieles small enough to be 
absorbed into the blood. 

I Metabolism produces cellular energy (ATP) and includes all eonstmetive and 
degradative cellular aetivities. 


ehildren are faseinated by the workings of the 

digestive system: They relish emnehing a potato 
ehip, delight in making a mustaches” with milk, and 
giggle when their stomaeh “growls.” As adults, we 
know that a healthy digestive system is essential for 
good health because it eonverts food into the raw 
materials that build and fuel our body’s eells. 
Speeifieally, the digestive system takes in food 
(ingests it), breaks it down physieally and ehemieally 
into nutrient molecules (digests it), and absorbs the 
nutrients into the bloodstream. Then it rids the body 
of the indigestible remains (defeeotes). 


PARTI:/IN/ITOMY/ll\ID PHYSIOLOGY 
OFTHEDIGESTII/ESYSTEM 

Anatomy of the Digestive 
System 

Name the organs of the alimentary eanal and 
aeeessory digestive organs, and identify eaeh on an 
appropriate diagram or model. 
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Mouth (oral eavity) 


Tongue 


Esophagus 


Liver 


Gallbladder 


Small intestine 


Anus 



Duodenum 


Jejunum 


lleum 


Parotid gland 

Sublingual gland 
Submandibular 


Salivary glands 




- 




Transverse 

eolon 

Deseending 

eolon 

Aseending 

eolon 

Cecum 

Sigmoid eolon 
Rectum 

Appendix 

Anal eanal 


Figure 14.1 The human digestive system: Alimentary eanal and aeeessory 
organs. Liver and gallbladder are refleeted superiorly and to the right side of the body. 


Pharynx 


Stomaeh 

Panereas 

(Spleen) 


Large intestine 


Identify the overall function of the digestive system as 
digestion and absorption of foodstuffs, and deseribe 
the general aetivities of eaeh digestive system organ. 

We ean separate the organs of the digestive system 
into two main groups: those forming the alimentary 
(al"é-men'tar-e; aliment = nourish) eanal and the 
aeeessory digestive organs (Figure 14.1). The alimen- 
tary eanal performs the whole menu of digestive 


functions (ingests, digests, absorbs, and defeeates). 
The aeeessory organs (teeth, tongue, and several 
large digestive glands) assist the proeess of digestive 
breakdown in various ways. 

Organs of the Alimentary Canal 

The alimentary eanal, also ealled the gastroin- 

testinal (GI) traet, is a continuous, eoiled, hollow 
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What is the proteetive value ofhaving several sets of tonsils at the 
oral entranee to the pharynx? 


Hard 
palate 

Oral 
eavity 

Lips (labia) 
Vestibule 


Lingual 
frenulum 



Tongue 


Hyoid bone 


Traehea 


Nasopharynx 


Hard palate 


Soft palate 


Uvula 


Palatine tonsil 
Lingual tonsil 

Oropharynx 
Tongue 

Epiglottis 



Upper lip 

Gingivae 

(gums) 


(b) 


Laryngopharynx 


Esophagus 


(a) 


Figiire 14.2 Anatomyofthe 
mouth (oral eavity). (a) Sagittal 
view of the oral eavity and pharynx 
(b) Anterior view of the oral eavity. 


muscular tube that winds through the ventral body 
eavity and is open at both ends. Its organs are the 
mouth, pharynx, esophagiis, stomaeh, small intes- 
tine, and large intestine. The large intestine leads to 
the terminal opening, or anus. In a eadaver, the al- 
imentaiy eanal is approximately 9 m (about 30 feet) 
long, but in a living person, it is eonsiderably 
shorter because of its relatively eonstant muscle 
tone. Food material within this tube is teehnieally 
outside the body, because it has eontaet only with 
eells lining the traet and the tube is open to the 
external environment at both ends. This relationship 
beeomes elearer if you think of your alimentary 
eanal as an elongated doughnut. Then it’s easy to 
see that if you stiek your finger through a doughnut 
hole, your finger is not really in the doughnut. As 
eaeh organ of the alimentary eanal is deseribed next, 
find it in Figure 14.1. 

Mouth 

Food enters the digestive traet through the mouth, 
or oral eavity, a mucous membrane-lined eavity 


(Figure 14.2). The lips (labia) proteet its anterior 
opening, the eheeks form its lateral walls, the hard 
palate forms its anterior roof, and the soft palate 
forms its posterior roof. The uvula (u'vu-lah) is a 
fleshy fingerlike projeetion of the soft palate, which 
extends inferiorly from the posterior edge of the 
soft palate. The spaee between the lips and eheeks 
externally and the teeth and gums internally is 
the vestibule. The area eontained by the teeth is the 
oral eavity proper. The muscular tongue occu- 
pies the floor of the mouth. The tongue has several 
bony attaehments—two of these are to the hyoid 
bone and the styloid proeesses of the skull. The 
lingual frenulum (ling'gwal fren'u-lum), a fold of 
mucous membrane, secures the tongue to the floor 
of the mouth and limits its posterior movements 
(see Figure l4.2a). 

HOMEOSTATIC IMBALANOE 

ehildren born with an extremely short 
lingual frenulum are often referred to as “tongue- 
tied” because the movement of the tongue is 
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restrieted, leading to distorted speeeh. This eon- 
genital eondition ean be eorreeted surgically by 
cutting the frenulum. ) 

At the posterior end of the oral eavity are paired 
masses of lymphatie tissue, the palatine tonsils. 
The lingual tonsil eovers the base of the tongue 
just beyond. The tonsils, along with other lymphatie 
tissues, are part of the body’s defense system. 
When the tonsils beeome infiamed and enlarge, 
they partially bloek the entranee into the throat 
(pharynx), making swallowing difficult and painful. 

As food enters the mouth, it is mixed with 
saliva and mastieated (chewed). The eheeks and 
elosed lips hold the food between the teeth during 
chewing. The nimble tongue continuously mixes 
food with saliva during chewing and initiates swal- 
lowing. Thus, the breakdown of food begins 
before the food has even left the mouth. As noted 
in ehapter 8, papillae eontaining taste buds, or 
taste reeeptors, are found on the tongue surface. 
And so, besides its food-manipulating function, 
the tongue allows us to enjoy and appreeiate the 
food as we eat it. 

Pharynx 

From the mouth, food passes posteriorly into the 
oropharynx and laryngopharynx , both of which 
are eommon passageways for food, fluids, and air. 
As explained in ehapter 13, the pharynx is subdi- 
vided into the nasopharynx, part of the respiratory 
passageway; the oropharynx, posterior to the 
oral eavity; and the laryngopharynx, which is 
continuous with the esophagus below. 

The walls of the pharynx eontain two skeletal 
muscle layers. The eells of the inner layer run lon- 
gitudinally; those of the outer layer (the eonstrietor 
muscles) mn around the wall in a circular fashion. 
Alternating eontraetions of these two muscle layers 
propel food through the pharynx into the esopha- 
gus below. Later we deseribe this propelling 
meehanism, ealled peristalsis (per"i-stal'sis). 

Esophagus 

The esophagus (é-sof' ah-gus), or gullet, mns 
from the pharynx through the diaphragm to the 
stomaeh. About 25 em (10 inehes) long, it is essen- 
tially a passageway that conducts food (by peri- 
stalsis) to the stomaeh. 

The walls of the alimentary eanal organs 
from the esophagus to the large intestine are 


made up of the same four basie tissue layers, or 
tunics (Figure 14.3): 

1. The mucosa is the innermost layer, a moist 
membrane that lines the eavity, or lumen, of 
the organ. It eonsists primarily of a snrfaee 
epithelinm, plus a small amount of eonneetive 
tissue ( lamina proprid) and a seanty smooth 
mnsele layer. Beyond the esophagus, which has 
a frietion-resisting stratified squamous epithe- 
lium, the epithelium is mostly simple columnar. 

2. The submucosa is found just beneath the 
mucosa. It is a soft eonneetive tissue layer 
eontaining blood vessels, nerve endings, 
mucosa-associated lymphoid tissue, and lym- 
phatie vessels. 

3. The muscularis externa is a muscle layer 
typieally made up of an inner eirenlar layer 
and an outer longitudinal layer of smooth 
muscle eells. 

4. The serosa is the outermost layer of the wall. 
It eonsists of a single layer of fiat, serous fluid- 
producing eells, the viseeral peritoneum 
(per"i-to-ne'um). The viseeral peritoneum is 
continuous with the sliek, slippery parietal 
peritoneum, which lines the abdominopelvie 
eavity by way of a membrane extension, the 
mesentery (mes'en-ter"e). These relationships 
are illustrated in Figure 14.5 (p. 470). 

HOMEOSTATIC IMBALANOE 

When the peritoneum is infeeted, a eon- 
dition ealled peritonitis (per"i-to-ni'tis), the peri- 
toneal membranes tend to stiek together around the 
infeetion site. This helps to seal off and loealize 
many intraperitoneal infeetions (at least initially), 
providing time for maerophages in the lymphatie 
tissue to mount an attaek. ) 

The alimentary eanal wall eontains two impor- 
tant intrinsie nerve plexuses —the submucosal 
nerve plexus and the myenterie (mi-en'ter-ik; 
“intestinal muscle”) nerve plexus. These net- 
works of nerve fibers are actually part of the auto- 
nomie nervous system. They help regulate the 
mobility and seeretory aetivity of GI traet organs. 

Stomaeh 

The C-shaped stomaeh (Figure 14.4) is on the 
left side of the abdominal eavity, nearly hidden by 
the liver and diaphragm. Different regions of the 
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Figure 14.3 Basie structure of the alimentary eanal wall. 


stomaeh have been named. The eardiae region 
(named for its position near the heart) surrounds 
the eardioesophageal (kar"de-o-é-sof "ah-j e' al) 
sphineter, through which food enters the stom- 
aeh from the esophagus. The fundus is the 
expanded part of the stomaeh lateral to the eardiae 
region. The body is the midportion, and as it nar- 
rows inferiorly, it beeomes the pylorie antrum, 
and then the funnel-shaped pylorus (pi-lo'ms), the 
terminal part of the stomaeh. The pyloms is eon- 
tinuous with the small intestine through the 
pylorie sphineter, or valve. 

The stomaeh varies from 15 to 25 em (6 to 10 

inehes) in length, but its diameter and volume 
depend on how much food it eontains. When it is 
full, it ean hold about 4 liters (1 gallon) of food. 
When it is empty, it eollapses inward on itself, and 
its mucosa is thrown into large folds ealled rugae 
(roo'ge; ruga = wrinkle, fold). The convex lateral 
surface of the stomaeh is the greater curvature; 
its eoneave medial surface is the lesser curvature. 


The lesser omentum (o-men'tum), a double 
layer of peritoneum, extends from the liver to the 
lesser curvature. The greater omentum, another 
extension of the peritoneum, drapes downward 
and eovers the abdominal organs like a laey 
apron before attaehing to the posterior body wall 

(see Figure 14.5 on p. 470). The greater omen- 
tum is riddled with fat, which helps to insulate, 
cushion, and proteet the abdominal organs, and 
has large eolleetions of lymphoid follieles eon- 
taining maerophages and defensive eells of the 
immune system. 

The stomaeh aets as a temporary “storage 
tank” for food as well as a site for food break- 
down. Besides the usual longitudinal and circular 
muscle layers, its wall eontains a third, obliquely 
arranged layer in the muscularis externa (see 
Figure 14.4a). This arrangement allows the stom- 
aeh not only to move food along the traet, but also 
to churn, mix, and pummel the food, physieally 
breaking it down to smaller fragments. 























modifieation of the stomaeh muscularis externa allovvs it to meehanieally digest food? 


Cardioesophageal 

sphineter 


Fundus 


Esophagus- 

Muscularis 

externa 

• Longitiidinal layer 

• Circular layer- 

• Oblique layer- 


Lesser 

curvature 


Rugae 


Pyloms 


mucosa 


Greater 

curvature 


Duodenum 


Pylorie 

sphineter 

(valve) 


Pylorie 

antmrn 


Pylorie 

sphineter 


Pylorie 

antmm 



sphineter 



"O 

e 

_cs 

CD 

O 




Gastrie pits 



Surface 

epithelium 


Pepsinogen 


Pepsin 


i 


Mucous 
neek eells 


Parietal eells 


Gastrie 

glands 


Chief eells 


Enteroendoerine 

eell 



Figure 14,4 Anatomy of the stomaeh. Gross internal anatomy (frontal seetion). (a) Diagram. 
(b) Photo. (e) Enlarged view of gastrie pits and glands (longitudinal seetion). (d) Pepsinogen 
produced by the ehief eells is aetivated (to pepsin) by HCI seereted by the parietal eells. 
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Figure 14,5 Peritoneal attaehments of the abdominal organs. (a) Anterior view; 
the greater omentum is shown in its normal position, eovering the abdominal viseera. 

(b) Sagittal view of the abdominopelvie eavity of a female. 


In addition, ehemieal breakdown of proteins 
begins in the stomaeh. The mucosa of the stomaeh 
is a simple eohimnar epithelium eomposed 
entirely of mucous eells that produce a proteetive 
layer of biearbonate-rieh alkaline mucus that 
elings to the stomaeh mucosa and proteets the 
stomaeh wall from being damaged by aeid and 
digested by enzymes. This otherwise smooth lin- 
ing is dotted with millions of deep gastrie pits, 
which lead into gastrie glands (Figure l4.4c) that 
seerete the solution ealled gastrie juice. For 
example, some stomaeh eells produce intrinsie 
faetor, a substance needed for the absorption of 
vitamin B 12 from the small intestine. The ehief 
eells produce protein-digesting enzymes, mostly 
pepsinogens. The parietal eells produce eorro- 
sive hydroehlorie aeid, which makes the stomaeh 
eontents aeidie and aetivates the enzymes, as in 
the eonversion of pepsinogen to pepsin by 
hydroehlorie aeid (HCl), shown in Figure l4.4d. 
The mucous neek eells produce a thin aeidie 
mucus that is quite different from that seereted by 
the mucous eells of the mucosa. It is not yet 
known what speeial role this mucus plays. Still 
other eells, the enteroendoerine eells (entero = 


gut), produce loeal hormones, such as gastrin, 
that are important to the digestive aetivities of the 
stomaeh (see Table 14.1 on p. 485). 

Most digestive aetivity occurs in the pylorie 
region of the stomaeh. After food has been 
proeessed in the stomaeh, it resembles heavy eream 
and is ealled ehyme (kim). The ehyme enters the 
small intestine through the pylorie sphineter. 

DID YOU GET IT 

1. VVhat is the sequential order (mouth to anus) of the 
digestive organs making up the alimentary eanal? 

2 . In which organ of the alimentary eanal does protein 
digestion begin? 

3. The stomaeh epithelium seeretes several substances, 
including alkaline mucus and intrinsie faetor. VVhat is 
the function of eaeh of these two seeretions? 

For answers, see Appendix D. 

Small Intestine 

Explain how villi aid digestive proeesses in the small 
intestine. 

The small intestine is the body’s major digestive 
organ. Within its twisted passageways, usable food 
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Figure 14.6 The duodenum of the small intestine and related organs. 


is finally prepared for its journey into the eells of 
the body. The small intestine is a muscular tube 
extending from the pylorie sphineter to the large 

intestine (see Figure 14.1, p. 465). It is the 

longest seetion of the alimentary tube, with an 

average length of 2 to 4 m (7 to 13 feet) in a living 
person. Except for the initial part of the small 
intestine (the duodenum), which mostly lies in a 
retroperitoneal position (posterior to the parietal 
peritoneum), the small intestine hangs in sausage- 
like eoils in the abdominal eavity, suspended from 
the posterior abdominal wall by the fan-shaped 
mesentery (Figure 14.5). The large intestine eneir- 
eles and frames it in the abdominal eavity. 

The small intestine has three subdivisions: the 
duodenum (du"o-de'num; “twelve finger widths 
long”), the jejunum (je-joo'num: “empty”), and 
the ileum (il'e-um; “twisted intestine”), which 
contribute 5 pereent, nearly 40 pereent, and 
almost 60 pereent of the length of the small intes- 
tine, respeetively (see Figure 14.1). The ileum meets 
the large intestine at the ileoeeeal (il"e-o-se'kal) 


valve, which joins the large and small intestines 

(see Figure 14.8, p. 473). 

Chemical digestion of foods begins in earnest 
in the small intestine. The small intestine is able to 
proeess only a small amount of food at one time. 
The pylorie sphineter (literally, “gatekeeper”) eon- 
trols food movement into the small intestine from 
the stomaeh and prevents the small intestine from 
being overwhelmed. Though the C-shaped duode- 
num is the shortest subdivision of the small intes- 
tine, it has the most interesting features. Some 
enzymes are produced by the intestinal eells. More 
important are enzymes that are produced by the 
panereas and then ducted into the duodenum 
through the panereatie ducts, where they eom- 
plete the ehemieal breakdown of foods in the 
small intestine. Bile (formed by the liver) also 
enters the duodenum through the bile duct in the 
same area (Figure 14.6). The main panereatie and 
bile ducts join at the duodenum to form the flask- 
like hepatopanereatie ampulla (he-pah"to-pan- 
kre-a'tik am-pu'lah), literally, the “liver-panereatie 
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What is the functional value of the mierovilli in the absorptive eells of the small 
intestine? 
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Figure 14.7 Structural modifieations of the small intestine. (a) Several circular 
folds (plieae circulares), seen on the inner surface of the small intestine. (b) Enlargement 
of a villus extension of the circular fold. (e) Enlargement of an absorptive eell to shovv 
mierovilli (brush border). 


enlargement.” From there, the bile and panereatie 
juice travel through the duodenal papilla and 
enter the duodenum together. 

Nearly all food absorption occurs in the small 
intestine. The small intestine is well suited for its 
function. Its wall has three stmctures that inerease 
the absorptive surface tremendously—mierovilli, 
villi, and circular folds (Figure 14.7). Mierovílll 
(mi"kro-vih'lI) are tiny projeetions of the plasma 


membrane of the mucosa eells that give the eell 
surface a fuzzy appearanee, sometimes referred to 
as the brush border. The plasma membranes bear 
enzymes (bmsh border enzymes) that eomplete 
the digestion of proteins and earbohydrates in the 
small intestine. Villi are fingerlike projeetions of 
the mucosa that give it a velvety appearanee 
and feel, much like the soft nap of a towel. Within 
eaeh villus is a rieh eapillary bed and a modified 
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Figure 14,8 The large intestine. A seetion of the cecum is removed to show the 
ileoeeeal valve. 


lymphatie eapillaiy ealled a laeteal. The digested 
foodstuffs are absorbed through the mucosal eells 
into both the eapillaries and the laeteal, indieated 

in Figure 14.13 on p. 479. Circular folds, also 

ealled plieae circulares (pli'se ser-ku-la'res), are 
deep folds of both mucosa and submucosa layers. 
Unlike the rngae of the stomaeh, the circular folds 
do not disappear when food fills the small intes- 
tine. All these structural modifieations, which 
inerease the surface area, deerease in number 
toward the end of the small intestine. In eontrast, 
loeal eolleetions of lymphatie tissue (ealled Peyer’s 
patehes) found in the submucosa inerease in 
number toward the end of the small intestine. This 
refleets the faet that the remaining (undigested) 
food residue in the intestine eontains huge numbers 


of baeteria, which must be prevented from enter- 
ing the bloodstream if at all possible. 

DID YOU GET IT 

4. VVhieh muscular sphineter regulates the flow of ehyme 
into the small intestine? 

5. VVhat are villi, and why are they important? 

For answers, see Appendix D. 

Large Intestine 

The large intestine is much larger in diameter 
than the small intestine (thus its name, the large 
intestine) but shorter in length. About 1.5 m (5 feet) 
long, it extends from the ileoeeeal valve to the 
anus (Figure 14.8). Its major functions are to dry 
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out the indigestible food residue by absorbing 
water and to eliminate these residues from the 
body as feees. It frames the small intestine on three 
sides and has these subdivisions: cecum (se'kum), 
appendix, eolon, rectum, and anal eanal. 

The saelike cecum is the first part of the large 
intestine. Hanging from the cecum is the wormlike 
(“vermiform”) appendix, a potential trouble spot. 
Because it is usually twisted, it is an ideal loeation 
for baeteria to accumulate and multiply. Inflam- 
mation of the appendix, appendieitis, is the usual 
result. 

The eolon is divided into several distinet 
regions. The aseending eolon travels up the right 
side of the abdominal eavity and makes a turn, the 
right eolie (or hepatie ) flexure, to travel aeross the 
abdominal eavity as the transverse eolon. It then 
turns again at the left eolie (or splenie ) flexure, and 
continues down the left side as the deseending 
eolon, to enter the pelvis, where it beeomes the 
S-shaped sigmoid (sig'moid) eolon. The sigmoid 
eolon, rectum, and anal eanal lie in the pelvis. 

The anal eanal ends at the anus (a'nus), 
which opens to the exterior. The anal eanal has an 
external voluntary sphineter (the external anal 
sphineter) eomposed of skeletal muscle and an 
internal involuntary sphineter (internal anal 
sphineter) formed by smooth muscle. These 
sphineters, which aet rather like purse strings to 
open and elose the anus, are ordinarily elosed 
except during defeeation, when feees are elimi- 
nated from the body. 

Because most nutrients have been absorbed 
before the large intestine is reaehed, no villi are 
present in the large intestine, but there are tremen- 
dous numbers of gohlet eells in its mucosa that 
produce alkaline (biearbonate-rieh) mucus. The 
mucus aets as a lubricant to ease the passage of 
feees to the end of the digestive traet. 

In the large intestine, the longitudinal muscle 
layer of the muscularis externa is reduced to three 
bands of muscle ealled teniae eoli (ten'ne-e ko'li; 
“ribbons of the eolon”). Because these muscle 
bands usually display some degree of tone (are par- 
tially eontraeted), they cause the wall to pucker into 
small poeketlike saes ealled haustra (haws'trah). 


DID YOU GET IT 



6 . VVhat are the two main functions of the large intestine? 

For the answer, see Appendix D. 


Aeeessory Digestive Organs 

List the aeeessory digestive organs and deseribe the 

general function of eaeh. 

Name the deciduous and permanent teeth, and 

deseribe the basie anatomy of a tooth. 

Deseribe the eomposition and function(s) of saliva. 

Name the main digestive product of the panereas. Of 

the liver. 

Teeth 

The role the teeth play in food proeessing needs 
little introduction. We mastieate, or chew, by 
opening and elosing our jaws and moving them 
from side to side while continuously using our 
tongue to move the food between our teeth. In 
the proeess, the teeth tear and grind the food, 
breaking it down into smaller fragments. 

Ordinarily, by the age of 21, two sets of teeth 
have been formed (Figure 14.9). The first set is 
the deciduous (de-sid'u-us) teeth, also ealled 
baby teeth or milk teeth. The deciduous teeth 
begin to empt around 6 months, and a baby has a 
full set (20 teeth) by the age of 2 years. The first 
teeth to appear are the lower eentral ineisors, an 
event that is usually anxiously awaited by the 
ehild’s parents. 

As the seeond set of teeth, the deeper 
permanent teeth, enlarge and develop, the roots 
of the milk teeth are reabsorbed, and between the 
ages of 6 and 12 years they loosen and fall out. 
All of the permanent teeth but the third molars 
have empted by the end of adoleseenee. The 
third molars, also ealled wisdom teeth, emerge 
later, between the ages of 17 and 25. Although 
there are 32 permanent teeth in a full set, the wis- 
dom teeth often fail to empt; sometimes they are 
eompletely absent. 

HOMEOSTATIC IMBALANOE 

When teeth remain embedded in the 
jawbone, they are said to be impaeted. Impaeted 
teeth exert pressure and cause a good deal of pain 
and must be removed surgically. Wisdom teeth are 
the most eommonly impaeted. ) 

We elassify the teeth aeeording to shape and 
function as ineisors, eanines, premolars, and 
molars (see Figure 14.9). The ehisel-shaped 
ineisors are adapted for cutting; the fanglike 
eanines (eyeteeth) are for tearing or piereing. 
The premolars (bicuspids) and molars have 
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Figure 14.9 Human deciduous and permanent 
teeth. Approximate time of tooth eruption is shown in 
parentheses. The same number and arrangement of 
teeth exist in both upper and lower jaws, so only the 
lower jaw is shown in eaeh ease. The shapes of 
individual teeth are shown on the right. 


broad crowns with rounded cusps (tips) and are 
best suited for grinding. 

A tooth eonsists of two major regions, the 
crown and the root, as shown in Figure 14.10. 
The enamel-eovered crown is the exposed part of 
the tooth above the gingiva (jin-ji'vah), or gum. 
Enamel is the hardest substance in the body and is 
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Figure 14.10 Longitudinal seetion of a molar. 


fairly brittle because it is heavily mineralized with 
calcium salts. The portion of the tooth embedded in 
the jawbone is the root; the root and crown are eon- 
neeted by the tooth region ealled the neek. The 
outer surface of the root is eovered by a substance 
ealled eement, which attaehes the tooth to the 
periodontal (per"e-o-don'tal) membrane (liga- 
ment). This ligament holds the tooth in plaee in the 
bony jaw. Dentin, a bonelike material, underlies 
the enamel and forms the bulk of the tooth. It sur- 
rounds a eentral pulp eavity, which eontains a 
number of stmctures (eonneetive tissue, blood ves- 
sels, and nerve fibers) eolleetively ealled pulp. Pulp 
supplies nutrients to the tooth tissues and provides 
for tooth sensations. Where the pulp eavity extends 
into the root, it beeomes the root eanal, which pro- 
vides a route for blood vessels, nerves, and other 
pulp stmctures to enter the pulp eavity of the tooth. 


DID YOU GET IT 



7. VVhat is the normal number of permanent teeth? 

For the answer, see Appendix D. 
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Salivary Glands 

Three pairs of salivary glands empty their seere- 
tions into the mouth. The large parotid (pah- 
rot'id) glands lie anterior to the ears. Mumps, a 
eommon ehildhood disease, is an inflammation of 
the parotid glands. If you look at the loeation of 
the parotid glands in Figure 14.1, you ean readily 
understand why people with mumps eomplain 
that it hurts to open their mouth or chew. 

The submandibular glands and the small 
sublingual (sub-ling'gwal) glands empty their 
seeretions into the floor of the mouth through tiny 
ducts. The product of the salivary glands, saliva, is 
a mixture of mucus and serous flmds. The mucus 
moistens and helps to bind food together into a 
mass ealled a bolus (bo'lus), which makes chew- 
ing and swallowing easier. The elear serous portion 
eontains an enzyme, salivary amylase (am'i-lás), 
in a biearbonate-rieh (alkaline) juice that begins the 
proeess of stareh digestion in the mouth. Saliva also 
eontains substances such as lysozyme and antibod- 
ies (IgA) that inhibit baeteria; therefore, it has a pro- 
teetive function as well. Last but not least, saliva 
dissolves food ehemieals so they ean be tasted. 

Panereas 

The panereas is a soft, pink, triangular gland that 
extends aeross the abdomen from the spleen to the 
duodenum (see Figures 14.1 and 14.6). Most of the 
panereas lies posterior to the parietal peritoneum; 
henee its loeation is referred to as retroperitoneal . 

Only the panereas produces enzymes 
(deseribed later) that break down all eategories of 
digestible foods. The panereatie enzymes are 
seereted into the duodenum in an alkaline fluid 
that neutralizes the aeidie ehyme eoming in from 
the stomaeh. The panereas also has an endoerine 
function; it produces the hormones insulin and 
glucagon, as explained in ehapter 9. 

Liver and Gallbladder 

The liver is the largest gland in the body. Loeated 
under the diaphragm, more to the right side of the 
body, it overlies and almost eompletely eovers the 
stomaeh (see Figures 14.1 and 14.5). The liver has 

four lobes and is suspended from the diaphragm 
and abdominal wall by a delieate mesentery eord, 
the faleiform (fal'si-form) ligament. 

There is no question that the liver is one of the 
body’s most important organs. It has many meta- 
bolie and regulatory roles; however, its digestive 


function is to produce bile. Bile leaves the liver 
through the eommon hepatie duct and enters the 
duodenum through the bile duct (see Figure 14.6). 

Bile is a yellow-to-green, watery solution eon- 
taining bile salts, bile pigments (ehiefly bilimbin, a 
breakdown product of hemoglobin), eholesterol, 
phospholipids, and a variety of eleetrolytes. Of these 
eomponents, only the bile salts (derived from eho- 
lesterol) and phospholipids aid the digestive 
proeess. Bile does not eontain enzymes, but its bile 
salts emnlsify fats by physieally breaking large fat 
globules into smaller ones, thus providing more sur- 
faee area for the fat-digesting enzymes to work on. 

The gallbladder is a small, thin-walled green 
sae that snuggles in a shallow fossa in the inferior 
surface of the liver (see Figures 14.1 and 14.6). 
When food digestion is not occurring, bile baeks 
up the eystie duct and enters the gallbladder to 
be stored. While in the gallbladder, bile is eoneen- 
trated by the removal of water. Later, when fatty 
food enters the duodenum, a hormonal stimulus 
prompts the gallbladder to eontraet and spurt out 
stored bile, making it available to the duodenum. 

HOMEOSTATIC IMBALANOE 

* If bile is stored in the gallbladder for too 
long or too much water is removed, the eholesterol 
it eontains may erystallize, forming gallstones. 
Because gallstones tend to be quite sharp, agonizing 
pain may occur when the gallbladder eontraets (the 
typieal gallbladder attaek). 

Bloekage of the eommon hepatie or bile ducts 
(for example, by wedged gallstones) prevents bile 
from entering the small intestine, and it begins to 
accumulate and eventually baeks up into the liver. 
This exerts pressure on the liver eells, and bile salts 
and bile pigments begin to enter the bloodstream. 
As the bile pigments circulate through the body, 
the tissues beeome yellow, or jaundiced. Bloek- 
age of the ducts is just one cause of jaundice. 
More often it results from actual liver problems 
such as hepatitis (an inflammation of the liver) or 
eirrhosis (sir-ro'sis), a ehronie inflammatory eon- 
dition in which the liver is severely damaged and 
beeomes hard and fibrous. Hepatitis is most often 
due to viral infeetion resulting from drinking eon- 
taminated water or transmitted in blood via transfu- 
sion or eontaminated needles. Cirrhosis is almost 
guaranteed when someone drinks aleoholie bever- 
ages in excess for many years, and it is a eommon 
consequence of severe hepatitis. ) 
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DID YOU GET IT 



8 . Mary has a dry moiith—very little saliva is being 
seereted. Digestion of which type of food will be 
affeeted (deereased) by this sitiiation? 

9. What is the digestive role of bile? What organ 
seeretes bile? 

10. Only one organ produces enzymes eapable of 
digesting all groups of food. Which organ is this? 

For answers, see Appendix D. 


Fiinetions of the Digestive 

System 

List and deseribe the six main aetivities of the digestive 
system. 

,z Deseribe how foodstuffs in the digestive traet are 
mixed and moved along the traet. 

Deseribe the function of loeal hormones in 
digestion. 

,z List the major enzymes or enzyme groups involved 
in digestion and name the foodstuffs on which 
they aet. 

,Z Deseribe the meehanisms of swallowing, vomiting, 
and defeeation. 

,z Name the end products of protein, fat, and 
earbohydrate digestion. 

Overvievv of Gastrointestinal 
Proeesses and Controls 

The major functions of the digestive traet are usu- 
ally summarized in two words —digestion and 
absorption. However, many of its speeifie aetivities 
(such as smooth muscle aetivity) and eertain regu- 
latory events are not really eovered by either term. 
To deseribe digestive system proeesses a little 
more accurately, we really have to eonsider a few 
more functional terms. The essential aetivities of 
the GI traet include the following six proeesses, 
summarized in Figiire 14.11. 

1. Ingestion. Food must be plaeed into the 
mouth before it ean be aeted on. This is an 
aetive, voluntary proeess ealled ingestion. 

2. Propulsion. To be proeessed by more than 
one digestive organ, foods must be propelled 
from one organ to the next. Swallowing is one 
example of food movement that depends largely 
on the propulsive proeess ealled peristalsis. 
Peristalsis is involuntary and involves alternat- 
ing waves of eontraetion and relaxation of 


Ingestion 


Meehanieal 

digestion 


Chewing (mouth) 
Churning (stomaeh) 
Segmentation 
(small intestine) 


Chemical 

digestion 
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(oropharynx) 
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Figure 14.11 Sehematie summary of 
gastrointestinal traet aetivities. Gastrointestinal 
traet aetivities include ingestion, meehanieal digestion, 
ehemieal (enzymatie) digestion, propulsion, absorption, 
and defeeation. Sites of ehemieal digestion are also sites 
that produce enzymes or that reeeive enzymes or other 
seeretions made by aeeessory organs. The entire Gl traet 
mucosa seeretes mucus, which proteets and lubricates. 


the muscles in the organ wall (Figure 14.12a). 
The net effeet is to squeeze the food along 
the traet. Although segmentation (Figure 
l4.12b) may help to propel foodstuffs through 
the small intestine, it normally moves food 
only baek and forth aeross the internal wall 
of the organ, serving to mix it with the diges- 
tive juices. Thus, segmentation is more an 
example of meehanieal digestion than of 
propulsion. 
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(b) 

Figure 14.12 Peristaltie and segmental 
movements of the digestive traet. (a) In peristalsis, 
adjaeent or neighboring segments of the intestine (or 
other alimentary eanal organs) alternately eontraet and 
relax, thereby moving food distally along the traet. 

(b) In segmentation, single segments of the intestine 
alternately eontraet and relax. Because aetive segments 
are separated by inaetive ones, the food is moved 
forward and then backward. Thus the food is mixed 
rather than simply propelled along the traet. 


3. Food breakdown: meehanieal digestion. 

Mixing of food in the mouth by the tongue, 
churning of food in the stomaeh, and seg- 
mentation in the small intestine are all exam- 
ples of proeesses contributing to meehanieal 
digestion. Meehanieal digestion prepares 
food for further degradation by enzymes 


by physieally fragmenting the foods into 
smaller partieles. 

4. Food breakdown: ehemieal digestion. The 

sequence of steps in which large food mole- 
cules are broken down to their building bloeks 
by enzymes (protein molecules that aet as eat- 
alysts) is ealled ehemieal digestion. Reeall from 
ehapter 2 that these reaetions are ealled 
hydrolysis reaetions, because a water molecule 
is added to eaeh bond to be broken. Water is 
also neeessary as a dissolving medium and a 
softening agent for food digestion. 

Because eaeh of the major food groups has 
very different building bloeks, it is worth taking a 
little time to review these ehemieal units, which 
we first introduced in ehapter 2. The building 
bloeks, or units, of earhohydrate foods are mono- 
saeeharides (mon"o-sak'ah-rídz), or simple sugars. 
We need to remember only three of these that are 
eommon in our diet— glneose, frnetose, and 
galaetose. Ghieose is by far the most important, 
and when we talk about blood sugar levels, glu- 
eose is the a sugar” being referred to. Fmetose is 
the most abundant sugar in fmits, and galaetose is 
found in milk. 

Essentially, the only earbohydrates that our 
digestive system digests, or breaks down to sim- 
ple sugars, are snerose (table sugar), laetose 
(milk sugar), maltose (malt sugar), and stareh. 
Sucrose, maltose, and laetose are referred to as 
disaeeharides, or double sugars, because eaeh 
eonsists of two simple sugars linked together. 
Stareh is a polysaeeharide (literally, “many sug- 
ars”) formed of hundreds of glucose units. 
Although we eat foods eontaining other polysae- 
eharides, such as eellnlose, we do not have 
enzymes eapable of breaking them down. The 
indigestible polysaeeharides do not provide us 
with any nutrients, but they help move the food- 
stuffs along the gastrointestinal traet by provid- 
ing bulk, or fiher, in our diet. 

Proteins are digested to their building bloeks, 
which are amino (ah-me'no) aeids. Intermediate 
products of protein digestion are polypeptides 
and peptides. 

When lipids (fats) are digested, they yield two 
different types of building bloeks—fatty aeids and 
an aleohol ealled glyeerol (glis' er-ol). The ehemi- 
eal breakdown of earbohydrates, proteins, and fats 
is summarized in Figure 14.13, and we deseribe it 
in more detail shortly. 
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Site of aetion 





Fat absorption 




Fatty aeids and monoglyeerides enter the laeteals of the 
villi and are transported to the systemie circulation via the 
lymph in the thoraeie duct. (Glyeerol and short-ehain fatty 
aeids are absorbed into the eapillary blood in the villi and 
transported to the liver via the hepatie portal vein.) 


‘Oligosaeeharides eonsist of a few linked monosaeeharides. 

Figure 14.13 Flowchart of ehemieal digestion and absorption of foodstuffs. 
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5. Absorption. Absorption is the transport of 
digested end products from the lumen of the 
GI traet to the blood or lymph. For absorption 
to occur, the digested foods must first enter 
the mucosal eells by aetive or passive transport 
proeesses. The small intestine is the major 
absorptive site. 

6. Defeeation. Defeeation is the elimination of 
indigestible residues from the GI traet via the 
anus in the form of feees (fe'sèz). 

Some of these proeesses are the job of a sin- 
gle organ. For example, only the mouth ingests, 
and only the large intestine defeeates. But most 
digestive system aetivities occur bit by bit as 
food is moved along the traet. Thus, in one 
sense, the digestive traet ean be viewed as a 
“disassembly line” in which food is earried from 
one stage of its proeessing to the next, and its 
nutrients are made available to the eells in the 
body along the way. 

Throughout this book we have stressed the 
body’s drive to maintain a eonstant internal envi- 
ronment, particularly in terms of homeostasis of 
the blood, which eomes into eontaet with all body 
eells. The digestive system, however, ereates an 
optimal environment for itself to function in the 
lumen (eavity) of the alimentary eanal, an area 
that is actually ontside the body. Conditions in that 
lumen are eontrolled so that digestive proeesses 
occur effieiently. 

Digestive aetivity is mostly eontrolled by 
reflexes via the parasympathetie division of the 
autonomic nervous system. (Reeall from ehapter 7 
that this division is the “resting-and-digesting” 
arm.) The sensors (meehanoreeeptors, ehemore- 
eeptors) involved in these reflexes are loeated in 
the walls of the alimentary eanal organs and 
respond to a number of stirmali, the most impor- 
tant being streteh of the organ by food in its 
lumen, pH of the eontents, and presenee of eer- 
tain breakdown products of digestion. When these 
reeeptors are aetivated, they start refiexes that aeti- 
vate or inhibit (1) the glands that seerete digestive 
juices into the lumen or hormones into the blood, 
and (2) the smooth muscles of the muscularis that 
mix and propel the foods along the traet. 

Now that we have summarized some points 
that apply to the function of the digestive organs 
as a group, we are ready to look at their speeial 
eapabilities. 


DID YOU GET IT r 

11. What is the proper order of the following stages of 
food proeessing—defeeation, absorption, digestion, 
ingestion? 

12. How do meehanieal and ehemieal digestion differ from 
eaeh other? 

For ansvvers, see Appendix D. 

Aetivities Occurring in the Mouth r 
Pharynx, and Esophagus 

Food Ingestion and Breakdown 

Onee food has been plaeed in the mouth, both 
meehanieal and ehemieal digestion begin. First the 
food is physieally broken down into smaller parti- 
eles by chewing. Then, as the food is mixed with 
saliva, salivary amylase begins the ehemieal diges- 
tion of stareh, breaking it down into maltose (see 

Figure 14.13). The next time you eat a pieee of 
bread, chew it for a few minutes before swallow- 
ing it. You will notiee that it begins to taste sweet 
as the sugars are released. 

Saliva is normally seereted continuously to 
keep the mouth moist, but when food enters the 
mouth, much larger amounts of saliva pour out. 
However, the simple pressure of anything put in 
the mouth and chewed, such as mbber bands or 
sugarless gum, will also stimulate the release of 
saliva. Some emotional stimuli ean also cause sali- 
vation. For example, the mere thought of a hot 
fudge sundae will make many a mouth water. All 
these reflexes, though initiated by different stimuli, 
are brought about by parasympathetie fibers in 
eranial nerves V and IX. 

Essentially no food absorption occurs in the 
mouth. (However, some dmgs, such as nitroglye- 
erine, are absorbed easily through the oral 
mucosa.) The pharynx and esophagus have no 
digestive function; they simply provide passage- 
ways to earry food to the next proeessing site, the 
stomaeh. 

Food Propulsion—Swallowing and Peristalsis 

For food to be sent on its way from the mouth, it 
must first be swallowed. Deglutition (deg'loo- 
tish'un), or swallowing, is a complex proeess that 
involves the eoordinated aetivity of several stmctures 
(tongue, soft palate, pharynx, and esophagus). It has 
two major phases. The first phase, the vokmtary 
buccal phase, occurs in the mouth. Onee the food 




Chapter 14: The Digestive System and Body Metabolism 


481 


Bolus of food 


Tongue 
Pharynx- 


of larynx 



Epiglottis 

up 


Glottis (lumen) 


Traehea 



IJpper 

esophageal 

sphineter 



Larynx up 
Esophagus 



Uvula 


Bolus 

Epiglottis 

down 



Bo us 


(a) Upper esophageal 
sphineter eontraeted 


(b) Upper esophageal 
sphineter relaxed 


(e) Upper esophageal 
sphineter eontraeted 


Figiire 14.14 Svvallovving. (a)Thetongue 

pushes the food bolus posteriorly and against the 
soft palate. (b) The soft palate rises to elose off the 
nasal passages as the bolus enters the pharynx. 
The larynx rises so that the epiglottis eovers its 
opening as peristalsis earries the food through the 
pharynx and into the esophagus. The upper 
esophageal sphineter relaxes to allow food entry. 

(e) The upper esophageal sphineter eontraets again 
as the larynx and epiglottis return to their former 
positions and peristalsis moves the food bolus 
inferiorly to the stomaeh. (d) The eardioesophageal 
sphineter opens, and food enters the stomaeh. 



Relaxed 

muscles 

Cardioesophageal 
sphineter open 


(d) Cardioesophageal 
sphineter relaxed 


has been chewed and well mixed with saliva, the 
bolus (food mass) is foreed into the pharynx by the 
tongue. As food enters the phaiynx, it passes out of 
our eontrol and into the realm of reflex aetivity. 

The seeond phase, the involuntaiy pharyngeal- 
esophageal phase, transports food through the 
pharynx and esophagus. The parasympathetie divi- 
sion of the autonomic nervous system (primarily 
the vagus nerves) eontrols this phase and promotes 
the mobility of the digestive organs from this point 
on. All routes that the food might take, except the 
desired route distal into the digestive traet, are 
bloeked off. The tongue bloeks off the mouth, and 
the soft palate eloses off the nasal passages. The 
laiynx rises so that its opening (into the respiratory 
passageways) is eovered by the flaplike epiglottis. 


Food is moved through the pharynx and then into 
the esophagus below by wavelike peristaltie eon- 
traetions of their muscular walls—first the longitudi- 
nal muscles eontraet, and then the circular imiseles 
eontraet. The events of the swallowing proeess are 
illustrated in Figiire 14.14. 

If we try to talk while swallowing, our routing 
meehanisms may be “short-circuited,” and food 
may enter the respiratory passages. This triggers 
still another proteetive reflex—coughing—during 
which air mshes upward from the lungs in an 
attempt to expel the food. 

Onee food reaehes the distal end of the esoph- 
agus, it presses against the eardioesophageal 
sphineter, causing it to open, and the food enters 
the stomaeh. The movement of food through the 
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pharynx and esophagus is so automatic that a per- 
son ean swallow and food will reaeh the stomaeh 
even if he is standing on his head. Gravity plays 
no part in the transport of food onee it has left the 
mouth, which explains why astronauts in the zero 
gravity of outer spaee ean still swallow and get 
nourishment. 

Aetivities of the Stomaeh 

Food Breakdown 

Seeretion of gastrie juice is regulated by both 
neural and hormonal faetors. The sight, smell, and 
taste of food stimulate parasympathetie nervous 
system reflexes, which inerease the seeretion of 
gastrie juice by the stomaeh glands. In addition, 
the presenee of food and a rising pH in the stom- 
aeh stimulate the stomaeh eells to release the hor- 
mone gastrin. Gastrin prods the stomaeh glands 
to produce still more of the protein-digesting 
enzymes (pepsinogens), mucus, and hydroehlorie 
aeid. Under normal eonditions, 2 to 3 liters of gas- 
trie juice are produced every day. 

Hydroehlorie aeid makes the stomaeh eontents 
very aeid. This is (somewhat) dangerous because 
both hydroehlorie aeid and the protein-digesting 
enzymes have the ability to digest the stomaeh itself, 
causing nleers (see “A Closer Look” on pp. 486-487). 
However, as long as enough mucus is made, the 
stomaeh is “safe” and will remain unharmed. 

HOMEOSTATIC IMBALANOE 

Oeeasionally, the eardioesophageal 
sphineter fails to elose tightly and gastrie juice 
baeks up into the esophagus, which has little 
mucus proteetion. This results in a eharaeteristie 
pain known as heartburn, which, if uncorrected, 
leads to inflammation of the esophagus 
(esophagitis [é-sof'ah-ji'tisl) and perhaps even to 
ulceration of the esophagus. A eommon cause is a 
hiatal hernia, a structural abnormality in which 
the superior part of the stomaeh protmdes slightly 
above the diaphragm. Because the diaphragm no 
longer reinforees the eardioesophageal sphineter, 
which is a weak sphineter to begin with, gastrie 
juice flows into the unprotected esophagus. 
Conservative treatment involves restrieting food 
intake after the evening meal, taking antaeids, and 
sleeping with the head elevated. ) 

The extremely aeidie environment that hy- 
droehlorie aeid provides is neeessary, because it 



aetivates pepsinogen to pepsin, the aetive protein- 
digesting enzyme. Rennin, the seeond protein- 
digesting enzyme produced by the stomaeh, 
works primarily on milk protein and eonverts it to 
a substance that looks like sour milk. Many moth- 
ers mistakenly think that the curdy substance 
infants often spit up after feeding is milk that has 
soured in their stomaeh. Rennin is produced in 
large amounts in infants, but it is not believed to 
be produced in adults. 

Other than the beginning of protein digestion, 
little ehemieal digestion occurs in the stomaeh. 
Except for aspirin and aleohol (which seem some- 
how to have a “speeial pass”), virtually no absorp- 
tion occurs through the stomaeh walls. 

As food enters and fills the stomaeh, its wall 
begins to streteh (at the same time the gastrie juices 
are being seereted, as just deseribed). Then the 
three muscle layers of the stomaeh wall beeome 
aetive. They eompress and pummel the food, 
breaking it apart physieally, all the while continu- 
ously mixing the food with the enzyme-eontaining 
gastrie juice so that the semiflmd ehyme is formed. 
The proeess looks something like the preparation 
of a eake mix, in which the floury mixture is 
repeatedly folded on itself and mixed with the 
liquid until it reaehes uniform texture. 

Food Propulsion 

Onee the food has been well mixed, a rippling 
peristalsis begins in the upper half of the stomaeh, 
and the eontraetions inerease in foree as the food 
approaehes the pylorie valve. The pyloms of the 
stomaeh, which holds about 30 ml of ehyme, 
aets like a meter that allows only liquids and very 
small partieles to pass through the pylorie sphine- 
ter (Figure 14.15). Because the pylorie sphineter 
barely opens, eaeh eontraetion of the stomaeh 
muscle squirts 3 ml or less of ehyme into the small 
intestine. The eontraetion also eloses the valve, so 
the rest (about 27 ml) is propelled backward into 
the stomaeh for more mixing, a proeess ealled 
retropulsion. 

When the duodenum is filled with ehyme and 
its wall is stretehed, a nervous reflex, the 
enterogastrie (en"ter-o-gas'trik) reflex, occurs. This 
reflex “puts the brakes on” gastrie aetivity. It slows 
the emptying of the stomaeh by inhibiting the 
vagus nerves and tightening the pylorie sphineter, 
thus allowing time for intestinal proeessing to 
eateh up. Generally, it takes about 4 hours for the 
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(T)Propulsion: Peristaltie 
waves move from the fundus to 
the pyloms. 


(2)Grinding: The most vigorous 
peristalsis and mixing aetion 
occur elose to the pylorus. 


(3)Retropulsion: The pylorie 
end of the stomaeh pumps small 
amounts of ehyme into the 
duodenum, while simultaneously 
foreing most of its eontents 
backward into the stomaeh. 


Figiire 14.15 Peristaltie waves in the stomaeh. 


stomaeh to empty eompletely after the person eats 
a well-balanced meal and 6 hours or more if the 
meal has a high fat eontent. 

HOMEOSTATIC IMBALANOE 

Loeal irritation of the stomaeh, such as 
occurs with baeterial food poisoning, may aetivate 
the emetie (è-met'ik) eenter in the brain (medulla). 
The emetie eenter, in turn, causes vomiting 
(emesis). Vomiting is essentially a reverse peri- 
stalsis occurring in the stomaeh (and perhaps the 
small intestine), aeeompanied by eontraetion of 
the abdominal muscles and the diaphragm, which 
inereases the pressure on the abdominal organs. 
The emetie eenter may also be aetivated through 
other pathways; disturbance of the equilibrium 
apparatus of the inner ear during a boat ride on 
rough water is one example. ) 



DID YOU GET IT 



13. VVhat happens during the buccal stage of swallowing? 

14. How does segmentation differfrom peristalsis in terms 
of moving substances along the Gl traet? 

15. VVhat does it mean when we say that food “went 
down the wrong tube”? 

16. VVhy is it neeessary for the stomaeh eontents to 
be so aeidie? 


For answers, see Appendix D. 


Aetivities of the Small Intestine 

Food Breakdown and Absorption 

Food reaehing the small intestine is only partially 
digested. Carbohydrate and protein digestion has 
begun, but virtually no fats have been digested up 
to this point. Here the proeess of ehemieal food 
digestion is aeeelerated as the food now takes a 
rather wild 3- to 6-hour journey through the loop- 
ing eoils and twists of the small intestine. By the 
time the food reaehes the end of the small intes- 
tine, digestion is eomplete and nearly all food 
absorption has occurred. 

As mentioned earlier, the mierovilli of small in- 
testine eells bear a few important enzymes, the so- 
ealled brush border enzymes, that break down 
double sugars into simple sugars and eomplete 
protein digestion (see Figure 14.13). Intestinal 
jniee itself is relatively enzyme poor, and protee- 
tive mucus is probably the most important intes- 
tinal gland seeretion. However, foods entering the 
small intestine are literally deluged with en 2 yme-rich 
panereatie juice ducted in from the panereas, as 
well as bile from the liver. 

Panereatie juice eontains enzymes that (1) along 
with bmsh border enzymes, eomplete the diges- 
tion of stareh ( panereatie amylase ); (2) earry out 
about half of protein digestion (via the aetion 
of trypsin, ehymotrypsin, carhoxypeptidase, and 
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(5)Stimulation by vagal nerve 
fibers causes release of 
panereatie juice and weak 
eontraetions of the gallbladder. 



(4)Secretin causes the liver to 
seerete more bile; CCK stimulates 
the gallbladderto release stored 
bile and the hepatopanereatie 
sphineter to relax (allows bile to 
enter the duodenum). 


(T)Chyme entering 
duodenum causes the 
enteroendoerine eells 
of the duodenum to 
release seeretin and 
eholeeystokinin (CCK). 




o 


(2)CCK (red dots) 
and seeretin (blue 
dots) enter 
bloodstream. 
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(3)llpon reaehing the 
panereas, CCK 
induces seeretion of 
enzyme-rieh panereatie 
juice; seeretin causes 
seeretion of biearbonate- 
rieh panereatie juice. 

Figure 14.1 6 Regulation of panereatie juice and bile seeretion and release. 

Hormonal eontrols exerted by seeretin and eholeeystokinin ®-@, are the main regulatory 
faetors. Neural eontrol (§) is mediated by the vagus nerves. 


others); (3) are totally responsible for fat digestion, 
because the panereas is essentially the only source 
of lipases; and (4) digest nucleic aeids ( rmeleases ). 

In addition to enzymes, panereatie juice eon- 
tains a rieh supply of biearbonate, which makes it 
very basie (about pH 8). When panereatie juice 
reaehes the small intestine, it neutralizes the aeidie 
ehyme eoming in from the stomaeh and provides 
the proper environment for aetivation and aetivity 
of intestinal and panereatie digestive enzymes. 

... l HOMEOSTATIC IMBALANOE 

^ Panereatitis (pan"kre-ah-ti'tis) is a rare 
but extremely serious inflammation of the panereas 
that results from aetivation of panereatie enzymes in 
the panereatie duct. Because panereatie enzymes 
break down all eategories of biologieal molecules, 
they cause digestion of the panereatie tissue and 


duct. This painful eondition ean lead to nutritional 
defieieneies, because panereatie enzymes are 
essential for digestion in the small intestine. ) 

The release of panereatie juice into the duode- 
num is stimulated by both the vagus nerves and 
loeal hormones. When ehyme enters the small 
intestine, it stimulates the mucosa eells to produce 
several hormones (Table 14.1). Two of these hor- 
mones, seeretin (se-kre'tin) and eholeeystokinin 
(ko"le-sis"to-kin'in) (CCK), infhienee the release of 
panereatie juice and bile. 

The hormones enter the blood and circulate to 
their target organs, the panereas, liver, and gallblad- 
der. Both hormones work together to stimulate the 
panereas to release its enzyme- and biearbonate- 
rieh product (Figure 14.16). In addition, seeretin 
causes the liver to inerease its output of bile, and 
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Table 14.1 

Hormones and Hormonelike Products That Aet in Digestion 

Hormone 

Source 

Stimulus for seeretion 

Aetion 

Gastrin 

Stomaeh 

Food in stomaeh, 
particularly partially 
digested proteins; ACh 
released by nerve fibers 

• Stimulates release of gastrie juice 

• Stimulates stomaeh emptying 

Intestinal gastrin 

Duodenum 

Food in stomaeh 

• Stimulates gastrie seeretion and emptying 

Histamine 

Stomaeh 

Food in stomaeh 

• Aetivates parietal eells to seerete 
hydroehlorie aeid 

Somatostatin 

Stomaeh 

and 

duodenum 

Food in stomaeh 
stimulated by 
sympathetie nerve 
fibers 

• Inhibits seeretion of gastrie juice and 
panereatie juice 

• Inhibits emptying of stomaeh and 
gallbladder 

Seeretin 

Duodenum 

Aeidie ehyme and 
partially digested 
foods in duodenum 

• inereases output of panereatie juice rieh 
in biearbonate ions 

• inereases bile output by liver 

• Inhibits gastrie mobility and gastrie gland 
seeretion 

Cholecystokinin 

(CCK) 

Duodenum 

Fatty ehyme and 
partially digested 
proteins in duodenum 

• inereases output of enzyme-rieh 
panereatie juice 

• Stimulates gallbladder to expel stored bile 

• Relaxes sphineter of duodenal papilla to 
allow bile and panereatie juice to enter 
the duodenum 

Gastrie inhibitory 
peptide (GIP) 

Duodenum 

Food in duodenum 

• Inhibits seeretion of gastrie juice 

• Stimulates insulin release 


eholeeystokinin causes the gallbladder to eontraet 
and release stored bile into the bile duct so that 
bile and panereatie juice enter the small intestine 
together. As mentioned before, bile is not an 
enzyme. Instead, it aets like a detergent to emul- 
sify, or meehanieally break down, large fat glob- 
ules into thousands of tiny ones, providing a much 
greater surface area for the panereatie lipases to 
work on. Bile is also neeessary for absorption 
of fats (and the fat-soluble vitamins [K, D, E, and 
A] that are absorbed along with them) from the 
intestinal traet. 

HOMEOSTATIC IMBALANOE 

If either bile or panereatie juice is 
absent, essentially no fat digestion or absorption 
goes on, and fatty, bulky stools are the result. In 



such eases, blood-elotting problems also occur 
because the liver needs vitamin K to make pro- 
thrombin, one of the elotting faetors. ) 

Absorption of water and of the end products 
of digestion occurs all along the length of the 
small intestine. Most substances are absorbed 
through the intestinal eell plasma membranes by 
the proeess of aetive transport. Then they enter the 
eapillary beds in the villi to be transported in 
the blood to the liver via the hepatie portal vein. 
The exception seems to be lipids, or fats, which 
are absorbed passively by the proeess of 
diffnsion. Lipid breakdown products enter both 
the eapillary beds and the laeteals in the villi and 
are earried to the liver by both blood and lym- 
phatie fluids. 







/1 OoserLook 



Arehie, a 53-year-old faetory worker, 
began to experience a burning pain 
in his upper abdomen an hour or 
two after eaeh meal. At first, he 
blamed his home eooking, but he 
experienced the same symptoms 
after eating at the faetory eafeteria 
or at restaurants. Arehie always 
responded to stress by drinking and 
smoking heavily, and his abdominal 
pain beeame markedly worse during 
a heetie week when he worked 15 
hours of overtime. After two months 
of inereasingly severe pain, Arehie 
consulted a physieian and was told 
that he had a peptie ulcer. 

Peptie ulcers affeet one of every 
eight Amerieans. A peptie ulcer is 
typieally a round, sharply defined 
erater 1 to 4 em in diameter in the 
mucosa of any part of the Gl traet 
exposed to the hydroehlorie aeid 
and pepsin seeretions of the 
stomaeh (see photo a). The base of 
the ulcer eontains dead tissue eells, 
granulation tissue, and sear tissue. 

A few peptie ulcers occur in the 
lower esophagus, following the 
reflux of stomaeh eontents, but 
most (98 pereent) occur in the 
pylorie part of the stomaeh (gastrie 
ulcers) or the first part of the 
duodenum (duodenal ulcers). 
Duodenal ulcers are about three 


times more eommon than gastrie 
ulcers. Peptie ulcers may appear at 
any age, but they develop most 
frequently between the ages of 
50 and 70 years. After developing, 
they tend to recur—healing, then 
flaring up periodieally—for the rest 
of a person’s life if not treated. 

Gastrie and duodenal ulcers may 
produce a gnawing or burning 
epigastrie pain that seems to bore 
through to your baek. This pain often 
begins 1 to 3 hours after eating and is 
often relieved by eating again. Other 
symptoms include loss of appetite, 
bloating, nausea, and vomiting. Not 
all people with ulcers experience 
these symptoms, however, and some 
exhibit no symptoms at all. 

For years stress was blamed for 
causing ulcers, and the stereotypieal 
ulcer patient was the overworked 
business executive. Although a 
stressful lifestyle does seem to 
aggravate existing ulcers, reeent 
studies indieate that most ulcers are 
actually caused by a strain of aeid- 
resistant baeteria (Helieobaeter 
pylori) that burrows through the 
mucus eoat of the stomaeh, leaving 
bare areas. This bacterium is found 
in the stomaehs of 50 pereent of 
healthy people and 70 to 90 pereent 
of those with ulcers (see photo b). 


Peptie ulcers ean produce 
serious eomplieations. In about 
20 pereent of eases, eroded blood 
vessels bleed into the Gl traet, 
causing vomiting of blood and blood 
in the feees. In such eases, anemia 
may result from a severe loss of 
blood. In 5 to 10 pereent of patients, 
searring within the stomaeh 
obstmets the pylorie opening, 
bloeking digestion. About 5 pereent 
of peptie ulcers perforate, leaking 
stomaeh or duodenal eontents into 
the peritoneal eavity. This ean cause 
either peritonitis or digestion and 
destruction of the nearby panereas. 
A perforated ulcer is a life- 
threatening eondition. 

In spite of these potential 
eomplieations, most peptie ulcers 
heal readily and respond well to 
treatment. The first steps in 
treatment are to avoid smoking, 
aleohol (espeeially wine), ibuprofen, 
and aspirin, all of which aggravate 
ulcers. Antaeid drugs are often 
suggested to neutralize the stomaeh 
aeids. In ulcers eolonized by the 
corkscrew-shaped H. pylori, the 
goal is to kill the embedded baeteria. 
A simple 2-week regimen of 
antibioties permanently cures peptie 
ulcers in nearly all such patients. For 
aetive ulcers, a histamine bloeker 
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(a) A peptie ulcer lesion 



Baeteria 


Mucosa 
layer of 
stomaeh 


(b) H. pylori baeteria 


(a medieation that suppresses aeid 
production in the stomaeh) ean be 
eombined with the antibiotie therapy 
to speed reeovery. 

The relatively few peptie ulcers 
not caused by H. pylori generally 
result from long-term use of 


NSAIDs. Treatment with histamine- 
bloeker drugs (such as Zantae) 
rather than antibioties are the 
therapy of ehoiee. The same 
treatment is used for esophageal 
peptie ulcers assoeiated with 
gastroesophageal reflux disease. 


Reeent animal trials using a 
newly developed vaeeine against 
H. pylori have been successful. 
Hopefully, preventive vaeeination, 
coupled with antibiotie cures, 
will eradieate peptie ulcers within 
the next 25 years. 


At the end of the ileum, all that remains is some 
water, indigestible food materials (plant fibers such 
as cellulose), and large amounts of baeteria. This 
debris enters the large intestine through the ileoeeeal 
valve. The eomplete proeess of food digestion and 

absorption is summarized in Figure 14.13 (p. 479). 

Food Propulsion 

As mentioned previously, peristalsis is the major 
means of propelling food through the digestive 
traet. It involves waves of eontraetion that move 
along the length of the intestine, followed by 
waves of relaxation. The net effeet is that the food 
is moved through the small intestine in much the 
same way that toothpaste is squeezed from a tube. 
Rhythmie segmental movements produce loeal 
eonstrietions of the intestine (see Figure l4.12b) 
that mix the ehyme with the digestive juices, and 
help to propel food through the intestine. 


Aetivities of the Large Intestine 

Food Breakdown and Absorption 

What is finally delivered to the large intestine eon- 
tains few nutrients, but that residue still has 12 to 
24 hours more to spend there. The eolon itself 
produces no digestive enzymes. However, the 
“resident” baeteria that live in its lumen metabolize 
some of the remaining nutrients, releasing gases 
(methane and hydrogen sulfide) that contribute to 
the odor of feees. About 500 ml of gas (flatus) is 
produced eaeh day, much more when eertain 
earbohydrate-rieh foods (such as beans) are eaten. 

Baeteria residing in the large intestine also make 
some vitamins (vitamin K and some B vitamins). 
Absorption by the large intestine is limited to the 
absorption of these vitamins, some ions, and most 
of the remaining water. Feees, the more or less solid 
product delivered to the rectum, eontain undigested 
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food residues, mucus, millions of baeteria, and just 
enough water to allow their smooth passage. 

Propulsion of the Residue and Defeeation 

When presented with food residue, the eolon 
begins eontraetions, but they are sluggish or short- 
lived. The movements most seen in the eolon are 
haustral eontraetions, slow segmenting move- 
ments lasting about one minute that occur every 
30 minutes or so. As a haustrum fills with food 
residue, the distension stimulates its muscle to 
eontraet, which propels the luminal eontents into 
the next haustrum. These movements also mix the 
residue, which aids in water absorption. 

Mass movements are long, slow-moving but 
powerful eontraetile waves that move over large 
areas of the eolon three or four times daily and 
foree the eontents toward the rectum. Typieally, 
they occur during or just after eating, when food 
begins to fill the stomaeh and small intestine. 
Bulk, or fiber, in the diet inereases the strength of 
eolon eontraetions and softens the stool, allowing 
the eolon to aet as a well-oiled maehine. 

HOMEOSTATIC IMBALANCE 

When the diet laeks bulk, the eolon 
narrows and its circular muscles eontraet more 
powerfully, which inereases the pressure on its 
walls. This encourages formation of diverticula 
(di"ver-tik'u-lah), in which the mucosa protmdes 
through the eolon walls, a eondition ealled 
diverticulosis. Diverticulitis , a eondition in 
which the diverticula beeome inflamed, ean be 
life-threatening if ruptures occur. ) 

The rectum is generally empty, but when feees 
are foreed into it by mass movements and its wall 
is stretehed, the defeeation reflex is initiated. 
The defeeation reflex is a spinal (saeral region) 
reflex that causes the walls of the sigmoid eolon 
and the rectum to eontraet and the anal sphineters 
to relax. As the feees are foreed through the anal 
eanal, messages reaeh the brain giving us time to 
make a deeision as to whether the external voluntary 
sphineter should remain open or be eonstrieted to 
stop passage of feees. If it is not eonvenient, defe- 
eation (or “moving the bowels”) ean be delayed 
temporarily. Within a few seeonds, the reflex eon- 
traetions end and the reetal walls relax. With the 
next mass movement, the defeeation reflex is initi- 
ated again. 



HOMEOSTATIC IMBALANCE 

Watery stools, or diarrhea (di"ah-re' ah), 
result from any eondition that mshes food residue 
through the large intestine before that organ has had 
sufficient time to absorb the water (as in irritation of 
the eolon by baeteria). Because fluids and ions are 
lost from the body, prolonged diarrhea may result in 
dehydration and eleetrolyte imbalanee which, if 
severe, ean be fatal. 

If food residue remains in the large intestine 
for extended periods, too much water is 
absorbed, and the stool beeomes hard and diffi- 
cult to pass. This eondition, ealled eonstipation, 
may result from laek of fiber in the diet, poor 
bowel habits (“failing to heed the eall”), and laxa- 
tive abuse. ) 

DID YOU GET IT? 

17. VVhat are the biiilding bloeks (and digestion products) 
of proteins? 

18. VVhat is the role of CCK in digestion? 

19. VVhat are brush border enzymes? 

For answers, see Appendix D. 

PM11: MITRITI0IH 
m MET/IBOLISM 

Define nutrient and kiloealorie. 

s List the six nutrient eategories. Note important dietary 
sources and their main cellular uses. 

Although it seems at times that people ean be 
divided into two eamps—those who live to eat 
and those who eat to live—we all reeognize the 
vital importanee of food for life. It has been said 
that “y° u are what you eat,” and this is tme in 
that part of the food we eat is eonverted to our 
living flesh. In other words, a eertain fraetion of 
nutrients is used to build cellular molecules and 
structures and to replaee worn-out parts. 
However, most foods are used as metabolie 
fuels. That is, they are oxidized and transformed 
into ATP, the ehemieal energy form needed 
by body eells to drive their many aetivities. The 
energy value of foods is measured in units 
ealled kiloealories (keal), or Calories (with 
a eapital C), the units conscientiously counted 
by dieters. 
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We have just eonsidered how foods are 
digested and absorbed. But what happens to these 
foods onee they enter the blood? Why do we need 
bread, meat, and fresh vegetables? Why does 
eveiything we eat seem to turn to fat? We will tiy 
to answer these questions in this seetion. 

Nutrition 

A nutrient is a substance in food that is used by 
the body to promote normal growth, maintenanee, 
and repair. The nutrients divide neatly into six eat- 
egories. The major nutrients —earbohydrates, 
lipids, and proteins—make up the bulk of what 
we eat. Minor nutrients —vitamins and minerals 
—while equally emeial for health, are required in 
minute amounts. Water, which accounts for about 
60 pereent of the volume of the food we eat, is 
also eonsidered to be a major nutrient. However, 
because we deseribed its importanee as a solvent 
and in many other aspeets of body functioning in 
Chapter 2, we will eonsider only the other five 
elasses of nutrients here. 

Most foods offer a eombination of nutrients. 
For example, a bowl of eream of mushroom soup 
eontains all of the major nutrients plus some vitamins 
and minerals. A diet eonsisting of foods seleeted 
from eaeh of the five food groups (Table 14.2), that 
is, grains, frnits, vegetables, meats and meat alter- 
natives, and milk products, normally guarantees ad- 
equate amounts of all of the needed nutrients. 

More detailed are the several types of food 
guide pyramids that have been developed. The 
most reeent version, issued by the U.S. 
Department of Agriculture in 2005—MyPyramid— 
is a signifieant departure from traditional food 
pyramids (Figure 14.17). MyPyramid separates 
the food eategories vertieally (rather than hori- 
zontally). Narrowing of eaeh food group from 
bottom to top of the pyramid suggests modera- 
tion in seleeting foods from eaeh food group 
(more “pieks” from food ehoiees at the bottom of 
the food bands, which eontain less added sugar 
and solid fats). Also new to this food pyramid 
version is the emphasis on at least 30 minutes 
daily of physieal aetivity, as represented by the 
stiek person elimbing the steps. Considered very 
important is the faet that you ean personalize 
your diet by age, sex, and aetivity level by log- 
ging on to the Internet (www.mypyramid.gov), 




Grains 

Vegetables 

Frnits 

Oils 

Milk 

Meat and 
beans 


MyFVramid.gov 

STEPS TO A HEALTHIER V0U 


Figure 14.17 USDA food guide pyramid. 


where information is available to help consumers 
make healthy ehoiees. 

Dietary Sources of the Major 
Nutrients 

Oarbohydrates 

Except for milk sugar (laetose) and small amounts 
of glyeogen in meats, all the earbohydrates— 
sugars and starehes—we ingest are derived from 
plants. Sugars eome mainly from fmits, sugar eane, 
and milk. The polysaeeharide stareh is found in 
grains, legumes, and root vegetables. The polysae- 
eharide cellulose, which is plentiful in most veg- 
etables, is not digested by humans, but it provides 
roughage, or fiber, which inereases the bulk of the 
stool and aids defeeation. 

Lipids 

Although we also ingest eholesterol and phospho- 
lipids, most dietary lipids are triglyeerides 
(neutral fats). We eat saturated fats in animal 
products such as meat and dairy foods and in a 
few plant products, such as coconut. Unsaturated 
fats are present in seeds, nuts, and most vegetable 
oils. Major sources of eholesterol are egg yolk, 
meats, and milk products. 

Proteins 

Animal products eontain the highest-quality 
proteins, molecules that are basieally amino aeid 
polymers. Eggs, milk, fish, and most meat proteins 
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Table 14.2 Five Basie Food Groups and Some of Their Major Nutrients 


Major niitrients snpplied in signifieant amonnts 

Grotip Example foods By all in group By only some in group 


Frnits 



Vegetables 



Grain products 

(preferably whole 
grain; otherwise, 
enriehed or fortified) 



Milk products 



Meats and meat 
alternatives 



Apples, bananas, 
dates, oranges, 
tomatoes 

Broeeoli, eabbage, 
green beans, 
lettuce, potatoes 


Breads, rolls, bagels; 
eereals, dry and 
eooked; pasta; 
riee, other grains; 
tortillas, paneakes, 
waffles; eraekers; 
popeorn 

Milk, yogurt; eheese; 
iee eream, iee milk, 
frozen yogurt 


Meat, fish, poultry; 
eggs; seeds; nuts, nut 
butters; soybeans, 
tofu; other legumes 
(peas and beans) 


Carbohydrate 

Water 

Carbohydrate 

Water 


Carbohydrate 

Protein 

Vitamins: thiamine (B-i), 
niaein 


Protein 

Fat 

Vitamins: riboflavin, B 12 
Minerals: calcium, phosphoms 
Water 

Protein 

Vitamins: niaein, B 6 
Minerals: iron, zine 


Vitamins: A, C, folie aeid 
Minerals: iron, potassium 
Fiber 

Vitamins: A, C, E, K, and 
B vitamins except B 12 
Minerals: calcium, magnesium, 
iodine, manganese, phosphoms 
Fiber 

Water 

Fiber 

Minerals: iron, magnesium, 
selenium 


Carbohydrate 
Vitamins: A, D 


Carbohydrate 

Fat 

Vitamins: B 12 , thiamine (B-|) 

Water 

Fiber 


Source: Christian, Janet, and Janet Greger. Nutrition for Living, 3rd ed. San Franeiseo, CA: Benjamin Cummings, 1991. 


are eomplete proteins that meet all of the body’s 
amino aeid requirements for tissue maintenanee 
and growth. 

Legumes (beans and peas), nuts, and eereals 
are also protein-rieh, but their proteins are nutri- 
tionally ineomplete beeause they are low in one 
or more of the essential amino aeids. The 
essential amino aeids are the eight amino aeids 
listed in Figure 14.18 that our body eannot make. 
Henee we must take these amino aeids in through 
the diet. As you ean see, striet vegetarians must 
earefully plan their diets to obtain all the essential 
amino aeids and prevent protein malnutrition. 
Cereal grains and legumes when ingested 
together provide all the needed amino aeids, and 


some variety of this eombination is found in the 
diets of all eultures (most obviously in the riee 
and beans seen on nearly every plate in a 
Mexican restaurant). 

Vitamins 

Vitamins are organie nutrients of various forms 
that the body requires in small amounts. Although 
vitamins are found in all major food groups, no 
one food eontains all the required vitamins. Thus, 
a balaneed diet is the best way to ensure a full 
vitamin eomplement, partieularly beeause eertain 
vitamins (A, C, and E) appear to have antieaneer 
effeets. Diets rieh in broeeoli, eabbage, and bms- 
sels sprouts (all good sourees of vitamins A and C) 
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appear to reduce eaneer risk. However, eontro- 
versy abounds eoneerning the ability of vitamins 
to work wonders. 

Most vitamins function as eoenzymes (or 
parts of eoenzymes); that is, they aet with 
an enzyme to aeeomplish a particular type of 
eatalysis. 

Minerals 

The body also requires adequate supplies of seven 
minerals (that is, inorganie substances including 
calcium, phosphoms, potassium, sulfur, sodium, 
ehloride, and magnesium) and traee amounts of 
about a dozen others. 

Fats and sugars have praetieally no minerals, 
and eereals and grains are poor sources. The most 
mineral-rieh foods are vegetables, legumes, milk, 
and some meats. 

We discuss the main uses of the major nutri- 
ents in the body in the seetion on metabolism. 
Appendix C details some important roles of vita- 
mins and minerals in the body. 

DID YOU GET IT ? 

20 . What is the major source of earbohydrates in our diet? 

21 . Why is it important to include cellulose in a healthy 
diet even though we eannot digest it? 

22 . Are oils saturated lipids or unsaturated lipids? 

23. What is the most signifieant role that vitamins play in 
the body? 

For answers, see Appendix D. 


Metabolism 

,z Define metabolism, anabolism, and eatabolism. 

Reeognize the uses of earbohydrates, fats, and 
proteins in eell metabolism. 

Metabolism (mé-tab'o-lizm; metabol = ehange) is 
a broad term referring to all ehemieal reaetions 
that are neeessary to maintain life. It involves 
eatabolism (kah-tab'o-lizm), in which substances 
are broken down to simpler substances, and 
anabolism (ah-nab'o-lizm), in which larger mole- 
cules or stmctures are built from smaller ones. 
During eatabolism, bond energy of foods is released 
and captured to make ATP, the energy-rieh molecule 
used to energize all cellular aetivities, inekiding eata- 
bolie reaetions. 



Tryptophan 

Methionine 


Beans 
and other 
legumes 


Valine 


Threonine 


1 

Phenylalanine 


Leucine 


Corn and 
other grains 


lsoleucine 

Lysine 



Figiire 14.18 The eight essential amino aeids. 

Vegetarian diets must be carefully eonstmeted to 
provide all essential amino aeids. A meal of eorn and 
beans fills the bill: Corn provides the essential amino 
aeids not in beans and viee versa. 


Carbohydrate, Fat, and Protein 
Metabolism in Body Cells 

Not all foodstuffs are treated in the same way by 
body eells. For example, earbohydrates, particu- 
larly glucose, are usually broken down to make 
ATP. Fats are used to build eell membranes, make 
myelin sheaths, and insulate the body with a fatty 
cushion. They are also used as the body’s main 
energy fuel for making ATP when there are inade- 
quate earbohydrates in the diet. Proteins tend to 
be carefully eonserved (even hoarded) by the 
body eells. This is easy to understand when you 
reeognize that proteins are the major structural 
materials used for building eell structures. 

Oarbohydrate Metabolism 

Just as an oil furnace uses oil (its fuel) to produce 
heat, the eells of the body use earbohydrates as their 
preferred fuel to produce cellular energy (ATP). 
Glucose, also known as blood sugar, is the major 
breakdown product of earbohydrate digestion. 
Glucose is also the major fuel used for making ATP 
in most body eells. The liver is an exception; it rou- 
tinely uses fats as well, thus saving glucose for other 
body eells. Essentially, glucose is broken apart pieee 
by pieee, and some of the ehemieal energy released 
when its bonds are broken is captured and used to 
bind phosphate to ADP molecules to make ATP. 
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Figure 14.19 Summary equation for cellular respiration. 


The overall reaetion is summed up simply in 
Figure 14.19. Basieally, the earbon atoms released 
leave the eells as earbon dioxide, and the hydro- 
gen atoms removed (which eontain energy-rieh 
eleetrons) are eventually eombined with oxygen 
to form water. These oxygen-using events are 
referred to eolleetively as cellular respiration. 
The events of the three main metabolie pathways 


that are involved in cellular respiration— glyeolysis, 
the Krebs eyele, and the eleetron transport ehain — 
are shown sehematieally in Figure 14.20. 

Oxidation via the removal of hydrogen atoms 
(which are temporarily passed to vitamin-eontaining 
eoenzymes) is a major role of glyeolysis and the 
Krebs eyele. Glyeolysis, which takes plaee in the 
eytosol, also energizes eaeh glucose molecule so 


ehemieal energy (high-energy eleetrons) 


ehemieal energy 


Glyeolysis 


Glucose 



Pyruvic 

aeid 


Oytosol 
of eell 


Mitoehondrial 

eristae 




Via substrate-level 
phosphorylation 






Eleetron transport 
ehain and oxidative 
phosphorylation 




M toehondron 




HoO 


Via oxidative 
phosphorylation 


(T)During glyeolysis, eaeh 
glucose molecule is broken 
down into two molecules of 
pyruvic aeid as hydrogen 
atoms eontaining high-energy 
eleetrons are removed. 


(5) The pyruvic aeid enters the 
mitoehondrion where Krebs 
eyele enzymes remove more 
hydrogen atoms and 
deeompose it to C02- During 
glyeolysis and the Krebs eyele, 
small amounts of ATP are 
formed. 


(5) Energy-rieh eleetrons pieked up by 
eoenzymes are transferred to the eleetron 
transport ehain, built into the eristae membrane. 
The eleetron transport ehain earries out 
oxidative phosphorylation, which accounts for 
most of the ATP generated by cellular 
respiration, and finally unites the removed 
hydrogen with oxygen to form water. 


Figure 14.20 During cellular respiration, ATP is formed in the eytosol and in 
the mitoehondria. The maximum energy yield per glucose molecule is 32 ATP. 
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NADH 


NAD+ + 




Energy released as heat and light 




Figure 14.21 Eleetron transport ehain versus one-step reduction of oxygen. 

(a) ln cellular respiration, easeading eleetrons release energy in small steps and finally 
reduce 0 2 . The energy released is in quantities easily used to form ATP. (NADH is a 
niaein-eontaining eoenzyme that delivers H + to the eleetron transport ehain.) (b) When 0 2 
is reduced (eombined with hydrogen) in one step, the result is an explosion. 


that it ean be split into two pymvie aeid molecules 
and yield a small amount of ATP in the proeess 
(Figure 14.20). The Krebs eyele occurs in the 
mitoehondria and produces virtually all the earbon 
dioxide that results during eell respiration. Like 
glyeolysis, it yields a small amount of ATP by 
transferring high-energy phosphate groups direetly 
from phosphorylated substances to ADP, a proeess 
ealled substrate-level phosphorylation. Free oxy- 
gen is not involved. 

The eleetron transport ehain is where the 
aetion is for ATP production. The hydrogen 
atoms removed during the first two metabolie 
phases are loaded with energy. These hydrogens 
are delivered by the eoenzymes to the protein 
earriers of the eleetron transport ehain, which 
form part of the mitoehondrial eristae membranes 
(Figure 14.21a). There the hydrogen atoms are 
split into hydrogen ions (H + ) and eleetrons (e _ ). 
The eleetrons “fall down an energy hill” going 
from eaeh earrier to a earrier of lower energy. 
They give off their “load” of energy in a series of 
steps in small enough amounts to enable the eell 
to attaeh phosphate to ADP and make ATP. 
Ultimately, free oxygen is reduced (the eleetrons 
and hydrogen ions are united with molecular 
oxygen), forming water and a large amount of 
ATP. This more eomplieated proeess of ATP for- 


mation is ealled oxidative phosphorylation. The 
beauty of this system is that, unlike the explosive 
reaetion (Figure l4.21b) that usually happens 
when fuels are burned (0 2 is eombined with 
hydrogen), relatively small amounts of energy are 
lost as heat (and light). 

Because glucose is the major fuel for making 
ATP, homeostasis of blood glucose levels is eriti- 
eally important. If there are excessively high lev- 
els of glucose in the blood (hyperglyeemia 
[hi"per-gli-se'me-ah]), some of the excess is stored 
in body eells (particularly liver and muscle eells) 
as glyeogen. If blood glucose levels are still too 
high, excesses are eonverted to fat. There is no 
question that eating large amounts of empty-ealorie 
foods such as eandy and other sugary sweets 
causes a rapid deposit of fat in the body’s adipose 
tissues. When blood glucose levels are too low 
(hypoglyeemia) , the liver breaks down stored 
glyeogen and releases glucose to the blood for 
cellular use. These various fates of earbohydrates 
are shown in Figure 14.22a 

DID YOU GET IT 

24. What name is given to the proeess in which glucose is 

eombined with oxygen to yield C0 2 , H 2 0, and ATP? 

25. What are the major end products of the Krebs eyele? 
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26. What are the major products of the eleetron transport 
ehain? 


For answers, see Appendix D. 


Fat Metabolism 

As we will deseribe shortly, the liver handles most 
lipid, or fat, metabolism that goes on in the body. 
The liver eells use some fats to make ATP for their 
own use; use some to synthesize lipoproteins, 
thromboplastin (a elotting protein), and eholes- 
terol; and then release the rest to the blood in the 
form of relatively small fat-breakdown products. 
Body eells remove the fat products and eholesterol 
from the blood and build them into their mem- 
branes or steroid hormones as needed. Fats are 
also used to form myelin sheaths of neurons (see 
ehapter 7) and fatty cushions around body organs. 
In addition, stored fats are the body’s most eon- 
eentrated source of energy. (Catabolism of 1 gram 
of fat yields twice as much energy as the break- 
down of 1 gram of earbohydrate or protein.) 

For fat products to be used for ATP synthesis, 
they must first be broken down to aeetie aeid 
(Figure l4.22d). Within the mitoehondria, the 
aeetie aeid (like the pymvie aeid product of earbo- 
hydrates) is then eompletely oxidized, and earbon 
dioxide, water, and ATP are formed. 

When there is not enough glucose to fuel the 
needs of the eells for energy, larger amounts of fats 
are used to produce ATP. Under such eonditions, 
fat oxidation is fast but ineomplete, and some of 
the intermediate products, such as aeetoaeetie aeid 
and aeetone, begin to accumulate in the blood. 
These cause the blood to beeome aeidie (a eondi- 
tion ealled aeidosis, or ketoaeidosis) , and the 
breath takes on a fmity odor as aeetone diffuses 
from the lungs. Ketoaeidosis is a eommon eonse- 
quence of “no-earbohydrate” diets, uncontrolled 
diabetes mellitus, and starvation in which the body 
is foreed to rely almost totally on fats to fuel its 
energy needs. Although fats are an important 
energy source, eholesterol is never used as a cellu- 
lar fuel. Its importanee lies in the functional mole- 
cules and in the stmctures it helps to form. 

Excess fats are stored in fat depots such as 
the hips, abdomen, breasts, and subcutaneous 
tissues. Although the fat in subcutaneous tissue is 
important as insulation for the deeper body 
organs, excessive amounts restriet movement and 
plaee greater demands on the circulatory system. 


The metabolism and uses of fats are shown in 
Figure l4.22b. 

Protein Metabolism 

Proteins make up the bulk of cellular stmctures, and 
they are carefully eonserved by body eells. Ingested 
proteins are broken down to amino aeids. Onee the 
liver has finished proeessing the blood draining the 
digestive traet and has taken its “fill” of amino aeids, 
the remaining amino aeids circulate to the body 
eells. The eells remove amino aeids from the blood 
and use them to build proteins, both for their own 
use (enzymes, membranes, mitotie spindle proteins, 
muscle proteins) and for export (mucus, hormones, 
and others). Cells take few ehanees with their amino 
aeid supply. They use ATP to aetively transport 
amino aeids into their interior even though in many 
eases they may eontain more of those amino aeids 
than are in the blood fiowing past them. Even 
though this may appear to be “cellular greed,” there 
is an important reason for this aetive uptake of 
amino aeids. Cells eannot build their proteins unless 
all the needed amino aeids, which number around 
20, are present. As mentioned earlier, because eells 
eannot make the essential amino aeids, they are 
available to the eells only through the diet. This 
helps explain the avid accumulation of amino aeids, 
which ensures that all amino aeids needed will 
be available for present and (at least some) future 
protein-building needs of the eells (Figure l4.22c). 

Amino aeids are used to make ATP only when 
proteins are overabundant and/or when earbohy- 
drates and fats are not available. When it is neees- 
sary to oxidize amino aeids for energy (Figure 
l4.22d), their amine groups are removed as 
ammonia, and the rest of the molecule enters the 
Krebs eyele pathway in the mitoehondria. 

The ammonia that is released during this 
proeess is toxic to body eells, espeeially nerve 
eells. The liver eomes to the rescue by eombining 
the ammonia with earbon dioxide to form urea 
(u-re'ah). Urea, which is not harmful to the body 
eells, is then flushed from the body in urine. 


DID YOU GET IT 



27. Other than for ATP production, list two uses of fats in 
the body. 

28. What happens to the ammonia released when amino 
aeids are “burned” for energy? 

For answers, see Appendix D. 
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(a) Carbohydrates: polysaeeharides, disaeeharides; 
eomposed of simple sugars (monosaeeharides) 
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Glyeogen and fat 
broken down for 
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Excess stored as 
glyeogen or fat 
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(b) Fats: eomposed of 1 glyeerol 
molecule and 3 fatty aeids; 
triglyeerides 
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(e) Proteins: polymers of amino aeids 
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(d) ATP formation (fueling the metabolie 
furnace): all eategories of food ean be 
oxidized to provide energy molecules (ATP) 
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Figure 14.22 Metabolism by body eells. (a) Carbohydrate metabolism. 
(b) Fat metabolism. (e) Protein metabolism. (d) ATP formation. 
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The Central Role of the Liver 
in Metabolism 

,Z Deseribe the metabolie roles of the liver. 

The liver is one of the most versatile and complex 
organs in the body. Without it we would die 
within 24 hours. Its role in digestion (that is, the 
manufacture of bile) is important to the digestive 
proeess to be sure, but it is only one of the many 
hanetions of liver eells. The liver eells detoxify 
dmgs and aleohol, degrade hormones, and make 
many substances vital to the body as a whole 
(eholesterol, blood proteins such as albumin and 
elotting proteins, and lipoproteins). They play a 
eentral role in metabolism as they proeess nearly 
every elass of nutrient. Because of the liver’s key 
roles, nature has provided us with a surplus of 
liver tissue. We have much more than we need, 
and even if part of it is damaged or removed, it is 
one of the few body organs that ean regenerate 
rapidly and easily. 

As deseribed in ehapter 11, a unique circula- 
tion, the hepatie portal circulation, brings nutrient- 
rieh blood draining from the digestive viseera 
direetly to the liver. The liver is the body’s major 
metabolie organ, and this detour that nutrients 
take through the liver ensures that the liver’s 
needs will be met first. As blood circulates slowly 
through the liver, liver eells remove amino aeids, 
fatty aeids, and ghieose from the blood. These 
nutrients are stored for later use or proeessed in 
various ways. At the same time, the liver’s phago- 
eytie eells remove and destroy baeteria that have 
managed to get through the walls of the digestive 
traet and into the blood. 

General Metabolie Functions 

The liver is vitally important in helping to main- 
tain blood glucose levels within normal range 
(around 100 mg glucose/100 ml of blood). After a 
earbohydrate-rieh meal, thousands of glucose 
molecules are removed from the blood and eom- 
bined to form the large polysaeeharide molecules 
ealled glyeogen (gli'ko-jen), which are then 
stored in the liver. This proeess is glyeogenesis 
(gli"ko-jen' é-sis), literally, “glyeogen formation” 
(genesis = beginning). 

Later, as body eells continue to remove glu- 
eose from the blood to meet their needs, blood 
ghieose levels begin to drop. At this time, liver 


eells break down the stored glyeogen by a 
proeess ealled glyeogenolysis (gli"ko-jen-ol'í-sis), 
which means “glyeogen splitting.” The liver eells 
then release glucose bit by bit to the blood to 
maintain homeostasis of blood glucose levels. 

If neeessary, the liver ean also make ghieose 
from nonearbohydrate substances, such as fats 
and proteins. This proeess is gluconeogenesis 
(glu"ko-ne"o-jen'é-sis), which means “formation of 
new sugar” (Figure 14-23). As deseribed in 
Chapter 9, hormones such as thyroxine, insulin, 
and glucagon are vitally important in eontrolling 
the blood sugar levels and in the handling of glu- 
eose in all body eells. 

Some of the fats and fatty aeids pieked up by 
the liver eells are oxidized for energy (to make 
ATP) for use by the liver eells themselves. The rest 
are broken down to simpler substances such as 
aeetie aeid and aeetoaeetie aeid (two aeetie aeids 
linked together) and released into the blood, or 
stored as fat reserves in the liver. The liver also 
makes eholesterol and seeretes eholesterol’s 
breakdown products in bile. 

All blood proteins made by the liver are 
built from the amino aeids its eells piek up from 
the blood. The eompleted proteins are then 
released baek into the blood to travel through- 
out the circulation. Alhnmin, the most abundant 
protein in blood, holds fluids in the blood- 
stream. When insufficient albumin is present in 
blood, fluid leaves the bloodstream and accu- 
mulates in the tissue spaees, causing edema. We 
discussed the role of the proteetive elotting pro- 
teins made by the liver in ehapter 10. Liver eells 
also synthesize nonessential amino aeids and, as 
mentioned earlier, detoxify ammonia (produced 
when amino aeids are oxidized for energy) by 
eonverting it to urea. 

Nutrients not needed by the liver eells, as well 
as the products of liver metabolism, are released 
into the blood and drain from the liver in the 
hepatie vein to enter the systemie circulation, 
where they beeome available to other body eells. 

Cholesterol Metabolism and Transport 

Although it’s a very important lipid in the diet, 
eholesterol is not used as an energy fuel. Instead, 
it serves as the structural basis of steroid hor- 
mones and vitamin D, and is a major building 
bloek of plasma membranes. Because we hear so 
much about “cutting down our eholesterol intake” 
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Stimulus: 

Rising blood 
glucose level 


Glyeogenesis: 
Glucose eonverted to 
glyeogen and stored 





HOMEOSTATie BLOOD SUGAR 









Glyeogenolysis: 
Stored glyeogen 


eonverted to glucose 



Gluconeogenesís: 
Amino aeids and fats 
eonverted to glucose 


Figure 14.23 Metabolie events occurring in the liver as blood 
glucose levels rise and fall. VVhen the blood glucose level is rising, the liver 
removes glucose from the blood and stores it as glyeogen (glyeogenesis). 
VVhen the blood glucose level falls, the liver breaks down stored glyeogen 
(glyeogenolysis) and makes new glucose from amino aeids and fats 
(gluconeogenesis). The glucose is then released to the blood to restore 
homeostasis of blood sugar. 


Stimulus: 

Falling blood 
glucose level 


in the media, it is always surprising to learn that 
only about 15 pereent of blood eholesterol eomes 
from the diet. The other 85 pereent or so is made 
by the liver. eholesterol is lost from the body 
when it is broken down and seereted in bile salts, 
which eventually leave the body in feees. 

Because of the important role they play in fat 
and eholesterol transport, the lipoproteins, one 
elass of proteins made by the liver and known by 
the buzzwords HDLs and LDLs , deserve a bit more 
attention. 


Fatty aeids, fats, and eholesterol are insoluble in 
water, so they eannot circulate freely in the blood- 
stream. Instead they are transported bound to the 
small lipid-protein complexes ealled lipoproteins. 
Although the entire story is complex, the important 
thing to know is that the low-density lipopro- 
teins, or LDLs, transport eholesterol and other 
lipids to body eells, where they are used in various 
ways. If large amounts of LDLs are circulating, the 
ehanee that fatty substances will be deposited on 
the arterial walls, initiating atheroselerosis, is high. 
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Because of this possibility, the LDLs are unkindly 
tagged as “bad lipoproteins.” By eontrast, the lipo- 
proteins that transport eholesterol from the tissue 
eells (or arteries) to the liver for disposal in bile 
are high-density lipoproteins, or HDLs. High 
HDL levels are eonsidered “good” because the eho- 
lesterol is destined to be broken down and elimi- 
nated from the body. Obviously both LDLs and 
HDLs are “good and neeessary”; it is just their rela- 
tive ratio in the blood that determines whether or 
not potentially lethal eholesterol deposits are likely 
to be laid down in the artery walls. In general, aero- 
bie exercise, a diet low in saturated fats and eholes- 
terol, and abstaining from smoking and drinking 
eoffee all appear to favor a desirable HDL/LDL ratio. 

DID YOU GET IT 

29. VVhat is gluconeogenesis? 

30. If you had your ehoiee, would you prefer to have high 
blood levels of HDLs or LDLs? Explain your answer. 

For ansvvers, see Appendix D. 

Body Energy Balanee 

Explain the importanee of energy balanee in the body, 
and indieate consequences of energy imbalanee. 

When any fuel is burned, it consumes oxygen and 
liberates heat. The “burning” of food fuels by 
body eells is no exception. As stated in ehapter 2, 
energy eannot be ereated or destroyed—it ean 
only be eonverted from one form to another. If we 
apply this prineiple to cellular metabolism, it 
means that a dynamie balanee exists between the 
body’s energy intake and its energy output: 

Energy intake = total energy output 

(heat + work + energy storage) 

Energy intake is the energy liberated during food 
oxidation—that is, during the reaetions of glyeoly- 
sis, the Krebs eyele, and the eleetron transport 
ehain. Energy output includes the energy we 
immediately lose as heat (about 60 pereent of the 
total), plus that used to do work (driven by ATP), 
plus energy that is stored in the form of fat or 
glyeogen. Energy storage is important only during 
periods of growth and during net fat deposit. 

Regulation of Food Intake 

When energy intake and energy output are bal- 
aneed, body weight remains stable. When they are 


not, we either gain or lose weight. Because body 
weight in most people is smprisingly stable, meeh- 
anisms that eontrol food intake or heat production 
or both must exist. LJnhappily for many people, 
the body’s weight-controlling systems appear to 
be designed more to proteet us against weight loss 
than weight gain. Some weight-control methods 
used by people who are obese are discussed in 

A Closer Look on pp. 504-505. 

But how is food intake eontrolled? That is a 
difficult question, and one that is still not fully 
answered. For example, what type of reeeptor 
could sense the body’s total ealorie eontent and 
alert one to start eating or to put down that fork? 
Despite heroie researeh efforts, no such single 
reeeptor type has been found. 

It has been known for some time that the 
hypothalamus releases several peptides that 
influence feeding behavior. Current theories of 
how feeding behavior and hunger are regulated 
focus most importantly on neural signals from the 
digestive traet, bloodborne signals related to 
body energy stores, and hormones. To a smaller 
degree, body temperature and psyehologieal fae- 
tors also seem to play a role. All these faetors 
appear to operate through feedbaek signals to 
the feeding eenters of the brain. Brain reeeptors 
include thermoreeeptors, ehemoreeeptors (for 
glucose, insulin, and others), and reeeptors that 
respond to leptin and other peptides. Sensors in 
peripheral loeations have also been suggested, 
with the liver and gut itself (alimentary eanal) the 
prime eandidates. 

Metabolie Rate and Body Heat Production 

List several faetors that influence metabolie rate, and 

indieate eaeh one’s effeet. 

When nutrients are broken down to produce eel- 
lular energy (ATP), they yield different amounts of 
energy. As mentioned earlier, the energy value of 
foods is measured in a unit ealled the kiloealorie 
(keal). In general, earbohydrates and proteins 
eaeh yield 4 keal/gram, and fats yield 9 keal/gram 
when they are broken down for energy produc- 
tion. Most meals, and even many individual foods, 
are mixtures of earbohydrates, fats, and proteins. 
To determine the ealorie value of a meal, we must 
know how many grams of eaeh type of foodstuff it 
eontains. For most of us, this is a difficult ehore 
indeed, but approximations ean easily be made 
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Table 14.3 Faetors Determining the Basal Metabolie Rate (BMR) 

Faetor 

Variation 

Effeet on BMR 

Surface area 

Large surface area in relation to body volume, 
as in thin, small individuals 

inereased 


Small surface area in relation to body volume, 
as in large, heavy individuals 

Deereased 

Sex 

Male 

Female 

inereased 

Deereased 

Thyroxine production 

inereased 

Deereased 

inereased 

Deereased 

Age 

Young, rapid growth 

Aging, elderly 

inereased 

Deereased 

Strong emotions (anger or 
fear) and infeetions 


inereased 


with the help of a simple, ealorie-valiaes guide 
available in most dmgstores. 

Basal Metabolie Rate The amount of energy used 
by the body is also measured in kiloealories. The 
basal metabolie rate (BMR) is the amount of 
heat produced by the body per unit of time when 
it is under basal eonditions—that is, at rest. It 
refieets the energy supply a person’s body needs 
just to perform essential life aetivities such as 
breathing, maintaining the heartbeat, and kidney 
function. An average 70-kg (154-pound) adult has 
a BMR of about 60 to 72 kcal/hour. 

Many faetors influence BMR, including surface 
area and gender. As shown in Table 14.3, small, 
thin males tend to have a higher BMR than large, 
obese females. Age is also important; ehildren and 
adoleseents require large amounts of energy for 
growth and have relatively high BMRs. In old age, 
the BMR deereases dramatieally as the muscles 
begin to atrophy. 

The amount of thyroxine produced by the 
thyroid gland is probably the most important fae- 
tor in determining a person’s BMR; henee, thyrox- 
ine has been dubbed the “metabolie hormone.” 
The more thyroxine produced, the higher the oxy- 
gen consumption and ATP use, and the higher the 
metabolie rate. In the past, most BMR tests were 
done to determine whether sufficient thyroxine 
was being made. Today, thyroid aetivity is more 
easily assessed by blood tests. 


HOMEOSTATIC IMBALANCE 

Hyperthyroidism causes a host of 
effeets due to the excessive metabolie rate it pro- 
duces. The body eatabolizes stored fats and tissue 
proteins, and despite inereased hunger and food 
intake, the person often loses weight. Bones 
weaken and body muscles, including the heart, 
atrophy. In eontrast, hypothyroidism results in 
slowed metabolism, obesity, and diminished 
thought proeesses. ) 

Total Metabolie Rate When we are aetive, the 

body must oxidize more glucose to provide 
energy for the additional aetivities. Digesting food 
and even modest physieal aetivity inerease the 
body’s ealorie requirements dramatieally. These 
additional fuel requirements are above and 
beyond the energy required to maintain the body 
in the basal state. Total metabolie rate (TMR) 
refers to the total amount of kiloealories the body 
must consume to fuel all ongoing aetivities. 
Muscular work is the major body aetivity that 
inereases the TMR. Even slight inereases in skeletal 
muscle aetivity cause remarkable leaps in meta- 
bolie rate. When a well-trained athlete exercises 
vigorously for several minutes, the TMR may 
inerease to 15 to 20 times normal, and it remains 
elevated for several hours afterward. 

When the total number of kiloealories consumed 
is equal to the TMR, homeostasis is maintained, and 
our weight remains eonstant. However, if we eat 
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more than we need to sustain our aetivities, excess 
kiloealories appear in the form of fat deposits. 
Conversely, if we are extremely aetive and do not 
properly feed the “metabolie furnace,” we begin to 
break down fat reserves and even tissue proteins to 
satisfy our TMR. This prineiple is used in every good 
weight-loss diet. (The total kiloealories needed are 
calculated on the basis of body size and age. Then, 
20 pereent or more of the requirements are cut from 
the daily diet.) If the dieting person exercises regu- 
larly, weight drops off even more quickly because 
the TMR inereases above the person’s former rate. 


DID YOU GET IT 



31. VVhieh of the follovving would you expect to yield a 
relatively high BMR: old age, large surface area 
relative to body volume, female sex, defieient thyroxine 
production? 

For the answer, see Appendix D. 


Body Temperatiire Regulation 

Deseribe how body temperature is regulated. 

Although we have been emphasizing that foods 
are “burned” to produce ATP, remember that ATP 
is not the only product of eell eatabolism. Most of 
the energy released as foods are oxidized eseapes 
as heat. Less than 40 pereent of available food 
energy is actually captured to form ATP. The heat 
released warms the tissues and, more important, 
the blood, which circulates to all body tissues, 
keeping them at homeostatie temperatures, which 
allows metabolism to occur effieiently. 

Body temperature refieets the balanee between 
heat production and heat loss. The body’s thermo- 
stat is in the hypothalanms of the brain. Through 
autonomic nervous system pathways, the hypo- 
thalamus continuously regulates body temperature 
around a set point of 35.6° to 37.8°C (96° to 100°F) 
by initiating heat-loss or heat-promoting meeha- 
nisms (Figure 14.24). 

Heat-Promoting Meehanisms when the environ- 

mental temperature is low, the body must produce 
more heat to maintain normal body temperature 
(37°C). And if, for whatever reason, the tempera- 
ture of circulating blood falls, body heat must be 
eonserved and more heat generated to restore nor- 
mal body (blood) temperature. Short-term means 
of aeeomplishing this are vasoeonstrietion of 
blood vessels of the skin and shivering. 


When the skin vasculature eonstriets, the skin is 
temporarily bypassed by the blood, and blood is 
rerouted to the deeper, more vital body organs. 
When this happens, the temperature of the exposed 
skin drops to that of the external environment. 

HOMEOSTATIC IMBALANCE 

Restrietion of blood delivery to the 
skin is no problem for brief periods of time. But if 
it is extended, the skin eells, ehilled by internal iee 
erystals and deprived of oxygen and nutrients, 
begin to die. This eondition, ealled frostbite, is 
extremely serious. ) 

When the eore body temperature (the temper- 
ature of the deep organs) drops to the point 
beyond which simple eonstrietion of skin eapillar- 
ies ean handle the situation, shivering begins. 
Shivering, involuntary shudderlike eontraetions of 
the voluntary muscles, is very effeetive in inereas- 
ing the body temperature because skeletal muscle 
aetivity produces large amounts of heat. 

HOMEOSTATIC IMBALANCE 

Extremely low body temperature 
resulting from prolonged exposure to eold is 
hypothermia. In hypothermia, the individual’s 
vital signs (respiratory rate, blood pressure, heart 
rate) deerease. The person beeomes drowsy and 
oddly eomfortable, even though previously he or 
she felt extremely eold. Uncorrected, the situation 
progresses to eoma and finally death as metabolie 
proeesses grind to a stop. ) 

Heat-Loss Meehanisms Just as the body must 

be proteeted from beeoming too eold, it must also be 
proteeted from excessively high temperatures. Most 
heat loss occurs through the skin via radiation or 
evaporation. When body temperature inereases 
above what is desirable, the blood vessels serving 
the skin dilate and eapillary beds in the skin 
beeome flushed with warm blood. As a result, heat 
radiates from the skin surface. However, if the 
external environment is as hot as or hotter than 
the body, heat eannot be lost by radiation, and the 
only means of getting rid of excess heat is by the 
evaporation of perspiration off the skin surface. 
This is an effieient means of body-heat loss as long 
as the air is dry. If it is humid, evaporation occurs at 
a much slower rate. In such eases, our heat-liberating 
meehanisms don’t work well, and we feel miserable 
and irritable. 
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Skin blood vessels dilate: 
Capillaries beeome flushed 
with warm blood; heat 
radiates from skin surface 


Aetivates 
heat-loss eenter 
in hypothalamus 




Blood warmer 
than hypothalamie 
set point 


Sweat glands aetivated: 
Seerete perspiration, which 
is vaporized by body heat, 
helping to eool the body 


Body temperature 
deereases: Blood 
temperature 
deelines and 
hypothalamus 
heat-loss eenter 
“shuts off” 



Stimulus: 

inereased body 
temperature 
(e.g., when 
exercising or the 
elimate is hot) 




^4 






HOMEOSTASIS = normal body temperature 

.6°C-37.8°C) 






Stimulus: 

Deereased body 
temperature 
(e.g., due to eold 
environmental 
temperatures) 



Body temperature 
inereases: Blood 
temperature rises 
and hypothalamus 
heat-promoting 
eenter “shuts off” 


Skin blood vessels eonstriet 
Blood is diverted from skin 
eapillaries and withdrawn to 
deepertissues; minimizes 

overall heat loss from 


Blood eooler than 
hypothalamie set 
point 


skin surface 









Skeletal muscles 
aetivated when more 
heat must be generated; 
shivering begins 



Aetivates heat- 
promoting eenter 
in hypothalamus 


Figure 14.24 Meehanisms of body temperature regulation. 
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HOMEOSTATIC IMBALANOE 

When normal heat loss proeesses 
beeome ineffeetive, the resulting hyperthermia, 
or elevated body temperature, depresses the 
hypothalamus. As a result, a vicious positive feed- 
baek eyele occurs: Soaring body temperature 
inereases the metabolie rate, which in turn 
inereases heat production. The skin beeomes hot 
and dry; and, as the temperature continues to spi- 
ral upward, permanent brain damage beeomes a 
distinet possibility. This eondition, ealled heat 
stroke, ean be fatal unless rapid eorreetive mea- 
sures are taken immediately (immersion in eool 
water and administration of fluids). 

Heat exhaustion is the term used to deseribe 
the heat-assoeiated eollapse of an individual dur- 
ing or following vigorous physieal aetivity. Heat 
exhaustion results from excessive loss of body flu- 
ids (dehydration) and is evideneed by low blood 
pressure, a rapid heartbeat, and eool, elammy 
skin. In eontrast to heat stroke, heat-loss meeha- 
nisms still operate in heat exhaustion. ) 

Fever is eontrolled hyperthermia. Most often, it 
results from infeetion somewhere in the body, but 
it may be caused by other eonditions (eaneer, 
allergie reaetions, and CNS injuries). Maerophages, 
white blood eells, and injured tissue eells release 
ehemieal substances ealled pyrogens (pi'ro-jenz) 
that aet direetly on the hypothalamus, causing its 
thermostat to be set to a higher temperature (pyro 
— fire). After thermostat resetting, heat-promoting 
meehanisms are initiated. Vasoeonstrietion causes 
the skin to beeome eool, and shivering begins to 
generate heat. This situation, ealled a the ehills,” is 
a sure sign that body temperature is rising. Body 
temperature is allowed to rise until it reaehes the 
new setting. Then, it is maintained at the “fever 
setting” until natural body defense proeesses or 
antibioties reverse the disease proeess. At that 
point, the thermostat is reset again to a lower (or 
normal) level, causing heat-loss meehanisms to 
swing into aetion—the individual begins to sweat, 
and the skin beeomes flushed and warm. 
Physieians have long reeognized that these signs 
signaled a turn for the better in their patients and 
said that the patient had “passed the erisis” 
because body temperature was falling. 

As explained in ehapter 12, fever, by inereasing 
the metabolie rate, helps speed the various healing 
proeesses, and it also appears to inhibit baeterial 



growth. The danger of fever is that if the body ther- 
mostat is set too high, body proteins may be dena- 
tured, and permanent brain damage may occur. 


DID YOU GET IT 



32 . VVhat are two means of either maintaining or 
inereasing body temperature? 

33 . How does vasodilation of skin blood vessels affeet 
body temperature on a hot day? 

For ansvvers, see Appendix D. 


PMTIII: OEI/ELOPMENT/IL /ISPECTS OF 
THE DIGESTII/E SYSTEM m 
MET/IBOLISM 

✓ Name important eongenital disorders of the digestive 
system and signifieant inborn errors of metabolism. 

,z Deseribe the effeet of aging on the digestive system. 


The very young embryo is flat and paneake- 
shaped. However, it soon folds to form a eylindrieal 
body, and its internal eavity beeomes the eavity of 
the alimentary eanal. By the fifth week of develop- 
ment, the alimentary eanal is a continuous tube- 
like structure extending from the mouth to the 
anus. Shortly after, the digestive glands (salivary 
glands, liver, and panereas) bud out from the 
mucosa of the alimentary tube. These glands 
retain their eonneetions (ducts) and ean easily 
empty their seeretions into the alimentary eanal to 
promote its digestive functions. 



HOMEOSTATIC IMBALANCE 

The digestive system is susceptible to 
many eongenital defeets that interfere with feed- 
ing. The most eommon is the eleft palate/eleft 
lip defeet. Of the two, eleft palate is more serious 
because the ehild is unable to suck properly. 
Another relatively eommon eongenital defeet is a 
traeheoesophageal fìstula (tra"ke-o é-sof' ah- 
je-al fis'tu-lah). In this eondition, there is a eon- 
neetion between the esophagus and the traehea. 
In addition, the esophagus often (but not akvays) 
ends in a blind sae and does not eonneet to the 
stomaeh. The baby ehokes, drools, and beeomes 
eyanotie during feedings because food is entering 
the respiratory passageways. All three defeets ean 
be eorreeted surgically. 
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There are many types of inborn errors of 
metabolism (genetieally based problems that in- 
terfere with metabolism), but perhaps the two 
most eommon are eystie fìbrosis (CF) and 
phenylketonuria (fen"il-ke'to-nu"re-ah) (PKU). 
CF primarily affeets the lungs, but it also signifi- 
eantly impairs the aetivity of the panereas. In CF, 
huge amounts of mucus are produced, which 
bloek the passages of involved organs. Bloekage 
of the panereatie duct prevents panereatie fluid 
from reaehing the small intestine. As a result, fats 
and fat-soluble vitamins are not digested or ab- 
sorbed, and bulky, fat-laden stools result. This 
eondition is usually handled by administering pan- 
ereatie enzymes with meals. 

PKU involves an inability of tissue eells to use 
phenylalanine (fen"il-al'ah-nin), an amino aeid 
present in all protein foods. In such eases, brain 
damage and retardation occur unless a speeial diet 
low in phenylalanine is preseribed. ) 

The developing infant reeeives all its nutrients 
through the plaeenta, and at least at this period of 
life, obtaining and proeessing nutrients is no prob- 
lem (assuming the mother is adequately nour- 
ished). Obtaining nutrition is the most important 
aetivity of the newborn baby, and several reflexes 
present at this time help in this aetivity. For exam- 
ple, the rooting reflex helps the infant find the nip- 
ple (mother’s or bottle), and the sucking reflex 
helps him or her to hold on to the nipple and 
swallow. The stomaeh of a newborn infant is very 
small, so feeding must be frequent (every 3 to 4 
hours). Peristalsis is rather ineffieient at this time, 
and vomiting is not at all unusual. 

Teething begins around age 6 months and 
continues until about the age of 2 years. During 
this interval, the infant progresses to more and 
more solid foods and usually is eating an adult 
diet by toddlerhood. Appetite deereases in the ele- 
mentary sehool-aged ehild and then inereases 
again during the rapid growth of adoleseenee. 
(Parents of adoleseents usually bewail their high 
groeery bills!) 

All through ehildhood and into adulthood, the 
digestive system operates with relatively few prob- 
lems unless there are abnormal interferenees such 
as eontaminated food or extremely spiey or ir- 
ritating foods (which may cause inflammation 
of the gastrointestinal traet, or gastroenteritis 
[gas"tro-en-ter-i'tis]). Inflammation of the appendix, 


appendieitis, is particularly eommon in teenagers 
for some unknown reason. Between middle age 
and early old age, the metabolie rate deereases by 
5 to 8 pereent in every 10-year period. This is the 
time of life when the weight seems to ereep 
up, and obesity often beeomes a faet of life. 
To maintain desired weight, we must be aware of 
this gradual ehange and be prepared to reduce 
ealorie intake. Two distinetly middle-age digestive 
problems are nleers (see “A Closer Look” on 

pp. 486-487) and gallbladderproblems (inflamma- 

tion of the gallbladder or gallstones). For some 
unknown reason irritable bowel syndrome (IBS), 
eharaeterized, by alternating bouts of diarrhea 
and eonstipation, is beeoming much more preva- 
lent in adults, but its cause has been difficult to 
pin down. 

During old age, aetivity of the GI traet 
deelines. Fewer digestive juices are produced, and 
peristalsis slows. Taste and smell beeome less 
acute, and periodontal disease often develops. 
Many elderly individuals live alone or on a 
reduced ineome. These faetors, along with 
inereasing physieal disability, tend to make eating 
less appealing, and nutrition is inadequate in 
many of our elderly eitizens. Diverticulosis and 
eaneer of the gastrointestinal traet are fairly eom- 
mon problems. Cancer of the stomaeh and eolon 
rarely have early signs and often progress to an 
inoperable stage (that is, spread to distant parts of 
the body) before the individual seeks medieal 
attention. However, when deteeted early, both 
diseases are treatable, and it has been suggested 
that diets high in plant fiber and low in fat might 
help to deerease the ineidenee of eolon eaneer. 
Additionally, because most eoloreetal eaneers 
derive from initially benign mucosal tumors ealled 
polyps, and because the ineidenee of polyp for- 
mation inereases with age, a yearly eolonoseopy 
examination should be a health priority in every- 
one over the age of 50. 

DID YOU GET IT 

34 . How does eystie fibrosis affeet digestion? 

35 . What dietary ehanges must be made to prevent brain 
damage in ehildren with PKU? 

36 . What occurs when your total ealorie intake exceeds 
your TMR? 

For answers, see Appendix D. 
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How fat is too fat? What distinguishes 
an obese person from one that is 
merely overweight? The bathroom 
seale is a poor guide, because 
body weight tells nothing of body 
eomposition. Dense bones and well- 
developed muscles may make a 
person teehnieally overweight. Arnold 
Schwarzenegger, for example, has 
tipped the seales at a hefty 257 Ib. 

The most eommon view of obesity 
is that it is a eondition of excessive 
triglyeeride storage. A body fat 
eontent of 18 to 22 pereent of 
body weight (males and females, 
respeetively) is eonsidered normal for 
adults. Anything over that is defined 
as obesity. 

The offieial medieal measure of 
obesity and body fatness is ealled the 
body mass index (BMI), an index of a 
person’s weight relative to height. To 
estimate BMI, multiply weight in 
pounds by 705 and then divide by 
your height in inehes squared: 

wt [lb] x 705 

iy M | L J 

(height [inehes]) 2 

Overweight is defined by a BMI 
between 25 and 30; obese is a BMI 
greater than 30. 

However it’s defined, obesity is a 
perplexing and poorly understood 
disease. The term disease is 
appropriate because all forms of 
obesity involve some imbalanee in 
food intake eontrol meehanisms. 
Despite its well-known adverse 
effeets on health (people with 
obesity have a higher ineidenee of 
arterioselerosis, hypertension, 
eoronary artery disease, and 
diabetes mellitus), it is the most 
eommon health problem in the 


llnited States. The llnited States 
is big and getting bigger, at least 
around the middle. Two out of three 
adults are obese. U.S. kids are 
getting fatter, too. Because they are 
opting for home video games and 
naehos instead of touch football and 
apples, their general cardiovascular 
fitness is deelining as well. 

With all its health and soeial 
problems, it’s a pretty fair bet that 
few people ehoose to be obese. So 
what causes obesity? Let’s look at 
three of the more reeent theories. 

Overeating during 
Ohildhood 

Some believe that the “elean your 
plate” syndrome early in life sets the 
stage for adult obesity by inereasing 
the number of fat eells formed 
during ehildhood. Then, during 
adulthood, inereases in adipose 
tissue mass occur because more fat 
is deposited in the existing eells. 
Thus, the more eells there are, the 
more fat ean be stored. 

Greater Fuel Effieieney 
in Obese People 

Obese people are more fuel effieient 
and more effeetive “fat storers.” 
Although it is often assumed that 
obese people eat more than other 
people, this is not neeessarily true— 
many actually eat less than those of 
normal weight. 

When yo-yo dieters lose weight, 
their metabolie rate falls sharply. 

But when they subsequently gain 
weight, their metabolie rate inereases 
like a furnace being stoked. Eaeh 
successive weight loss occurs more 
slowly, but lost weight is regained 
three times as fast. Furthermore, fats 


paek more wallop per ealorie (are 
more fattening) than proteins or 
earbohydrates because very little 
energy is used in their proeessing. 
For example, when someone ingests 
100 excess earbohydrate ealories, 

23 ealories are used in metabolie 
proeessing and 77 are stored. 
However, if the excess ealories eome 
from fat, only 3 ealories are “burned” 
and the rest (97) are stored. 

These faets apply to everyone, but 
for people with obesity the picture is 
even bleaker. For example, fat eells of 
overweight people “sprout” more 
alpha reeeptors (the kind that favors 
fat accumulation), and their lipoprotein 
lipase enzyme, which unloads fat from 
the blood, is exceptionally effieient. 

Genetie Predisposition 

Morbid obesity is the fate of 
people inheriting two obesity 
genes. However, a true genetie 
predisposition for “fatness” 
accounts for only about 5 pereent of 
obese people in the United States. 
These people, given excess ealories, 
will always deposit them as fat. 

False and Risky Cures 

Rumors and poor ehoiees for 
dealing with obesity abound. 

Diuretics prompt the kidneys to 
excrete more water. At best, these 
may cause a few pounds of weight 
loss for a few hours. They ean also 
cause serious eleetrolyte imbalanee 
and dehydration. 

Some obese people use 
amphetamines (such as Dexedrine 
and Benzedrine [“speed”]) to reduce 
appetite and elevate the metabolie 
rate. These work, but only 
temporarily (until toleranee 
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develops) and ean cause a 
dangerous dependenee. 

Currently popular weight-loss 
drugs include phentermine, sibutra- 
mine, and orlistat. Phentermine is 
one-half of the former fen-phen 
(Redux) eombination that caused 
heart valve problems, deaths, and 
litigation for its producer in the 
1990s. Sibutramine (Meridia) has 
amphetamine-like effeets and has 
reeently eome under fire because of 
suspected cardiovascular side effeets. 
Orlistat (Xenical) works by interfering 
with panereatie lipase so that part of 
the fat eaten is not digested or 
absorbed, which also interferes with 
the absorption of fat-soluble vitamins. 
Its side effeets, which include diarrhea 
and anal leakage, are unpleasant to 
say the least. 

Some over-the-counter weight- 
loss supplements that are elaimed 
to inerease metabolism and burn 
ealories at an aeeelerated rate have 
proved to be very dangerous. For 
example: 

Capsules eontaining usnic aeid, a 
ehemieal found in some liehens, 
has led to liver failure in a few 
eases. 

Ephedra-eontaining supplements 
are notorious—over 100 deaths 
and 16,000 eases of problems 
including strokes, seizures, and 
headaehes have been reported. 

Because such supplements are not 
monitored by the U.S. Food and 
Drug Administration (FDA), the true 
extent of ills caused by weight-loss 
supplements is not known. 

Diet products and books sell well, 
but are they safe? At the present 
time there is a duel between those 
promoting low-carbohydrate (high- 
protein and -fat) diets such as the 
Atkins and South Beaeh diets, and 
those espousing the traditional 
low-fat diet (high in complex 


earbohydrates). Clinical studies 
show that people on the low- 
earbohydrate diets lose weight more 
quickly at first but tend to plateau at 
6 months. Among long-term dieters, 
people on the low-fat diets lost just 
as much weight as did those on the 
low-carbohydrate diets, and they 
experienced fewer episodes of 
diarrhea, eonstipation, headaehe, 
and muscle eramps. 

Some over-the-counter liquid 
high-protein diets eontain such 
poor-quality (ineomplete) protein 
that they are actually dangerous. 

The worst are those that eontain 
eollagen protein instead of milk or 
soybean sources. 

Surgery 

Sometimes sheer desperation 
prompts surgical solutions, such as 
having the jaws wired shut or the 
stomaeh stapled, intestinal bypass 
surgery, the more radieal biliopan- 
ereatie diversion (BPD), and 
liposuction. BPD “rearranges” the 
digestive traet: up to two-thirds of 
the stomaeh is removed; the small 
intestine is cut in half and one 
portion is sutured into the stomaeh 
opening. Because panereatie juice 


and bile are diverted away from this 
“new intestine,” fewer nutrients (and 
no fats) are digested and absorbed. 
Although the patients ean eat 
anything they want without gaining 
weight, BPD is major surgery and 
earries all of its risks. Liposuction, 
the removal of adipose tissue by 
suction to reshape the body, does 
remove fat. Like BPD it earries all 
the risks of surgery, and unless 
the patient ehanges his or her eating 
habits, the remaining fat deposits 
elsewhere in the body overfill. 

Eat Less, Exercise More 

Unfortunately, there is no magieal 
solution for obesity. The best way for 
most of us to lose weight is to take in 
fewer fat ealories and inerease physieal 
aetivity. Fidgeting helps, and so does 
resistanee exercise, which inereases 
muscle mass (muscle consumes more 
energy at rest than does fat). Low 
aetivity levels actually stimulate eating, 
whereas physieal exercise depresses 
food intake and inereases metabolie 
rate during aetivity, and for some time 
after. The only way to keep the weight 
off is to make dietary and exercise 
ehanges lifelong habits. 
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Homeostatie Relationships between the 
Digestive System and Other Body Systems 


Endoerine System 


Liver removes hormones from 
blood, ending their aetivity; digestive 
system provides nutrients needed for 
energy fuel, growth, and repair; panereas 
has hormone-producing eells 
Loeal hormones help regulate 
digestive function 


Lymphatie System/lmmunity 


Digestive system provides nutrients 
for normal functioning; HCI of 
stomaeh provides nonspeeifie 
proteetion against baeteria 
Laeteals drain fatty lymph from 
digestive traet organs and eonvey 
it to blood; Peyer's patehes and 
lymphoid tissue in mesentery 
house maerophages and 
imrrmne eells that proteet 
digestive traet organs 
against infeetion 


Digestive System 


Llrinary System 


Digestive system provides nutrients 
for energy fuel, growth, and repair 
Kidneys transform vitamin D to its 
aetive form, which is needed for 
calcium absorption; excrete some 
bilimbin produced by the liver 


Muscular System 


Digestive system provides nutrients 
for energy fuel, growth, and repair; 
liver removes laetie aeid, resulting 
from muscle aetivity, from the blood 
Skeletal muscle aetivity inereases 
eontraetions of Gl traet 



Nervous System 


Digestive system provides nutrients 
for normal neural functioning 
Neural eontrols of digestive function; 
in general, parasympathetie fibers 
aeeelerate and sympathetie fibers 
inhibit digestive aetivity; reflex and 
voluntary eontrols of defeeation 


Resplratory System 


Digestive system provides nutrients for 
energy metabolism, growth, and repair 
Respiratory system provides oxygen 
and earries away earbon dioxide 
produced by digestive system organs 


Cardiovascular System 


Digestive system provides 
nutrients to heart and blood 
vessels; absorbs iron needed for 
hemoglobin synthesis; absorbs 
water neeessary for normal 
blood volume 
Cardiovascular system 
transports nutrients absorbed 
by alimentary eanal to all tissues 
of the body; distributes hormones 
of the digestive traet 


Reproductive System 


Digestive system provides nutrients 
for energy fuel, growth, and repair 
and extra nutrition needed to 
support fetal growth 


lntegumentary System 


Digestive system provides nutrients for 
energy fuel, growth, and repair; 
supplies fats that provide insulation in 
the dermal and subcutaneous tissues 
The skin synthesizes vitamin D needed 
for calcium absorption from the 
intestine; proteets by enclosure 


Skeletal System 


Digestive system provides nutrients for 
energy fuel, growth, and repair; 
absorbs calcium needed for bone salts 
Skeletal system proteets some 
digestive organs by bone; eavities 
store some nutrients (e.g., calcium, 
fats) 


506 























Chapter 14: The Digestive System and Body Metabolism 


507 



Summary 

Aeeess more review material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included below. 

iP = interaetive Physiology 

PARTI: ANATOMY /IIÌID PHYSIOLOGY 

OFTHEDIGESTII/ESYSTEM (PP . 464-488) 

Anatomy of the Digestive System (pp. 464-477) 

1. The digestive system eonsists of the alimentary 
eanal (a hollow tube extending from mouth to 
anus) and several aeeessory digestive organs. The 
wall of the alimentary eanal has four main tissue 
layers—mucosa, submucosa, muscularis externa, 
serosa. The serosa (viseeral peritoneum) is eontin- 
uous with the parietal peritoneum, which lines the 
abdominal eavity wall. 

2. Organs of the alimentary eanal: 

a. The mouth, or oral eavity, eontains teeth and 
tongue and is bounded by lips, eheeks, and 
palate. Tonsils guard its posterior margin. 

b. The pharynx is a muscular tube that provides a 
passageway for food and air. 

e. The esophagus is a muscular tube that eom- 
pletes the passageway from the pharynx to the 
stomaeh. 

d. The stomaeh is a C-shaped organ loeated on the 
left side of the abdomen beneath the diaphragm. 
Food enters it through the eardioesophageal 
sphineter and leaves it to enter the small intes- 
tine through the pylorie sphineter. The stomaeh 
has a third oblique layer of muscle in its wall 
that allows it to perform mixing or churning 
movements. Gastrie glands produce hydroehlo- 
rie aeid, pepsin, rennin, mucus, gastrin, and 
intrinsie faetor. Mucus proteets the stomaeh itself 
from being digested. 

e. The tubelike small intestine is suspended from 
the posterior body wall by the mesentery. Its 
subdivisions are the duodenum, jejunum, and 
ileum. Food digestion and absorption are eom- 
pleted here. Panereatie juice and bile enter the 
duodenum through a sphineter at the distal end 
of the bile duct. Mierovilli, villi, and circular 


folds inerease the surface area of the small intes- 
tine for enhaneed absorption. 

f. The large intestine frames the small intestine. 
Subdivisions are the cecum; appendix; aseend- 
ing, transverse, and deseending eolon; sigmoid 
eolon; rectum; and anal eanal. The large intes- 
tine delivers undigested food residue (feees) to 
the body exterior. 

iP Digestive System Topie: Anatomy Review, pp. 
1 - 8 . 

iP Digestive System Topie: Digestion and Ab- 
sorption, pp. 1-8. 

3. Two sets of teeth are formed. The first set eon- 
sists of 20 deciduous teeth that begin to appear at 
6 months and are lost by 12 years of age. 
Permanent teeth (32) begin to replaee deciduous 
teeth around 7 years. A typieal tooth eonsists of 
crown eovered with enamel and root eovered 
with eement. Most of the tooth is bonelike dentin. 
The pulp eavity eontains blood vessels and 
nerves. 

4. Salivary glands (three pairs—parotid, sub- 

mandibular, and sublingual) seerete saliva into 
the oral eavity. Saliva eontains mucus and serous 
fluids. The serous eomponent eontains salivary 
amylase. 

3. Several aeeessory organs duct substances into the 
alimentary tube. 

a. The panereas is a soft gland lying in the 
mesentery between the stomaeh and small 
intestine. Panereatie juice eontains enzymes 
(which digest all eategories of foods) in an 
alkaline fluid. 

b. The liver is a four-lobed organ overlying the 
stomaeh. Its digestive function is to produce 
bile, which it ducts into the small intestine. 

e. The gallbladder is a muscular sae that stores and 
eoneentrates bile. When fat digestion is not 
occurring, the continuously made bile baeks up 
the eystie duct and enters the gallbladder. 

Functions of the Digestive System 

(pp. 477-488) 

1. Foods must be broken down to their building bloeks 
to be absorbed. Building bloeks of earbohydrates 
are simple sugars, or monosaeeharides. Building 
bloeks of proteins are amino aeids. Building bloeks 
of fats, or lipids, are fatty aeids and glyeerol. 
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2. Both meehanieal (chewing) and ehemieal food 
breakdown begin in the mouth. Saliva eontains 
mucus, which helps bind food together into a 
bolus, and salivary amylase, which begins the 
ehemieal breakdown of stareh. Saliva is seereted in 
response to food in the mouth, meehanieal pres- 
sure, and psyehie stimuli. Essentially no food 
absorption occurs in the mouth. 

3. Swallowing has two phases: The buccal phase is 
voluntary; the tongue pushes the bolus into the 
pharynx. The involuntary pharyngeal-esophageal 
phase involves the elosing off of nasal and respira- 
tory passages and the conduction of food to the 
stomaeh by peristalsis. 

4. When food enters the stomaeh, gastrie seeretion 
is stirmilated by vagus nerves and by gastrin (a 
loeal hormone). Hydroehlorie aeid aetivates the 
protein-digesting enzyme pepsin, and ehemieal 
digestion of proteins begins. Food is also 
meehanieally broken down by the churning 
aetivity of stomaeh rmiseles. Movement of ehyme 
into the small intestine is eontrolled by the 
enterogastrie reflex. 

iP Digestive System Topie: Seeretion, pp. 4-8. 

3. ehemieal digestion of fats, proteins, and earbohy- 
drates is eompleted in the small intestine by intes- 
tinal enzymes and, more importantly, panereatie 
enzymes. Alkaline panereatie juice neutralizes aeidie 
ehyme and provides the proper environment for the 
operation of its enzymes. Both panereatie juice 
(the only source of lipases) and bile (formed by the 
liver) are neeessary for normal fat breakdown and 
absorption. Bile aets as a fat emulsifier. Seeretin and 
eholeeystokinin, hormones produced by the small 
intestine, stimulate release of bile and panereatie 
juice. Segmental movements mix foods; peristaltie 
movements move foodstuffs along the small intestine. 

6. Most nutrient absorption occurs by aetive transport 
into the eapillary blood of the villi. Fats are 
absorbed by diffusion into both eapillary blood 
and laeteals in the villi. 

7. The large intestine reeeives baeteria-laden indi- 
gestible food residue. Aetivities of the large intestine 
are absorption of water and salts and of vitamins 
made by resident baeteria. When feees are deliv- 
ered to the rectum by peristalsis and mass peristal- 
sis, the defeeation reflex is initiated. 

iP Digestive System Topie: Digestion and Ab- 
sorption, pp. 3-7. 

iP Digestive System Topie: Motility, pp. 3-7. 
iP Digestive System Topie: Seeretion, pp. 9-12. 


P/IRT II: NHTRÍTÍON AND MET/IBOLISM 

(pp. 488-502) 

Nutrition (pp. 489-491) 

1. Most foods are used as fuels to form ATP; proteins 
and eholesterol are exceptions. 

2. A nutrient is a substance in food used to promote 
growth, maintenanee, and repair of the body. 

3. The major nutrients are earbohydrates, lipids, and 
proteins. Vitamins and minerals are required in 
minute amounts. 

4. Dietary earbohydrates (sugars and stareh) are 
included in frnits and vegetables (plant products). 

3. Dietary lipids are found in meats, dairy products, 
and vegetable oils. 

6. Eggs, milk, meats, poultry, and fish are rieh sources 
of protein. 

7. Vitamins, found mainly in frnits, vegetables, and 
milk, hinetion mainly as eoenzymes in the body. 

8. Minerals, most plentiful in vegetables and legumes, 
are mainly important for enzyme aetivity. Iron is 
important to make hemoglobin, and calcium is 
important for building bone, blood elotting, and 
seeretory aetivities. 

Metabolism (pp. 491-502) 

1. Metabolism inehides all ehemieal breakdown 
(eatabolie) and building (anabolie) reaetions 
needed to maintain life. 

2. Carbohydrates, the most important of which is ghi- 
eose, are the body’s major energy fuel. As ghieose 
is oxidized, earbon dioxide, water, and ATP are 
formed. The sequential pathways of glucose eatab- 
olism are glyeolysis, which occurs in the eytosol, 
and the Krebs eyele and eleetron transport ehain 
(which function in the mitoehondria). During 
hyperglyeemia, ghieose is stored as glyeogen or 
eonverted to fat. In hypoglyeemia, glyeogenolysis, 
gluconeogenesis, and fat breakdown occur to 
restore normal blood ghieose levels. 

3. Fats insulate the body, proteet organs, build 
some eell structures (membranes and myelin 
sheaths), and provide reserve energy. When ear- 
bohydrates are in limited supply, more fats are 
oxidized to produce ATP. Excessive fat break- 
down causes blood to beeome aeidie. Excess 
dietary fat is stored in subcutaneous tissue and 
other fat depots. 
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4. Proteins form the bulk of eell structure and most 
functional molecules. They are carefully eonserved 
by body eells. Amino aeids are aetively taken up 
from blood by tissue eells; those that eannot be 
made by body eells are ealled essential amino 
aeids. Amino aeids are oxidized to form ATP 
mainly when other fuel sources are not available. 
Ammonia, released as amino aeids are eatabolized, 
is detoxified by liver eells that eombine it with ear- 
bon dioxide to form urea. 

5. The liver is the body’s key metabolie organ. Its 
eells remove nutrients from hepatie portal blood. 
It performs glyeogenesis, glyeogenolysis, and 
gluconeogenesis to maintain homeostasis of 
blood glucose levels. Its eells make blood pro- 
teins and other substances and release them to 
blood. Liver eells burn fats to provide some of 
their energy (ATP); excesses are stored or 
released to blood in simpler forms that ean be 
used by other tissue eells. Phagoeytie eells 
remove baeteria from hepatie portal blood. Most 
eholesterol is made by the liver; eholesterol 
breakdown products are seereted in bile. Fats 
and eholesterol are transported in the blood by 
lipoproteins. LDLs transport eholesterol to body 
eells; HDLs earry eholesterol to the liver for 
degradation. eholesterol is used to make func- 
tional molecules and for some structural pur- 
poses; it is not used for ATP synthesis. 

6. A dynamie balanee exists between energy intake 
and total energy output (heat + work + energy 
storage). Interferenee with this balanee results in 
obesity or in malnutrition leading to body wasting. 

7. When the three major types of foods are oxidized 
for energy, they yield different amounts of 
energy. Carbohydrates and proteins yield 4 
keal/gram; fats yield 9 keal/gram. Basal metabolie 
rate (BMR) is the total amount of energy used by 
the body in a basal (resting) state. Age, sex, body 
surface area, and amount of thyroxine produced 
influence BMR. 

8. Total metabolie rate (TMR) is number of ealories 
used by the body to aeeomplish all ongoing daily 
aetivities. It inereases dramatieally as muscle aetiv- 
ity inereases. When TMR equals total ealorie 
intake, weight remains eonstant. 

9. As foods are eatabolized to form ATP, more than 
60 pereent of energy released eseapes as heat, 
warming the body. The hypothalamus initiates 
heat-loss proeesses (radiation of heat from skin 
and evaporation of sweat) or heat-promoting 


proeesses (vasoeonstrietion of skin blood vessels 
and shivering) as neeessary to maintain body tem- 
perature within normal limits. Fever (hyperther- 
mia) represents body temperature regulated at 
higher-than-normal levels. 

P/IRT III: DEl/ELOPMENT/IL /ISPECTS 
OFTHEDIGESTII/E SVSTEI\l\m 

A/IET/IBOLÍS/I/I (pp. 502-503) 

1. The alimentary traet forms as a hollow tube. Aeeessory 
glands form as outpocketings from this tube. 

2. Common eongenital defeets include eleft palate, 
eleft lip, and traeheoesophageal fistula, all of 
which interfere with normal nutrition. Common 
inborn errors of metabolism are phenylketonuria 
(PKU) and eystie fibrosis (CF). 

3. Various inflammatory eonditions plague the 
digestive system throughout life. Appendieitis is 
eommon in adoleseents, gastroenteritis and food 
poisoning ean occur at any time (given the 
proper irritating faetors), ulcers and gallbladder 
problems inerease in middle age. Obesity and 
diabetes mellitus are bothersome during later 
middle age. 

4. Effieieney of all digestive system proeesses 
deereases in the elderly. Gastrointestinal eaneers, 
such as stomaeh and eolon eaneer, appear with 
inereasing frequency in an aging population. 

Rei iiew 0uesíions 

Multiple Choice 

More than one ehoiee may apply. 

1. Which of the following terms are synonyms? 

a. Gastrointestinal traet e. Digestive traet 

b. Digestive system d. Alimentary eanal 

2. A digestive organ that is not part of the alimentary 
eanal is the 

a. stomaeh. d. large intestine. 

b. liver. e. pharynx 

e. small intestine. 

3. The GI tube tissue layer responsible for the aetions 
of segmentation and peristalsis is the 

a. serosa. e. muscularis externa. 

b. mucosa. d. submucosa. 






510 


Essentials of Human Anatomy and Physiology 


4. Mateh the digestive organ listed in column B with 
the function listed in column A. 

Column A 

_ 1. produces bile 

_ 2. absorbs water 

_ 3. churning occurs 

here 

_ 4. muscular tube 

eonneeting the 
laryngopharynx 
with the stomaeh 

_ 3. produces both 

endoerine and 
exocrine seeretions 

_ 6. seeretes a substance 

that initiates earbo- 
hydrate digestion 

_ 7. stores bile 

_ 8. segmentation occurs 

here 

3. Where in the stomaeh do the strongest peristaltie 
waves occur? 

a. Body e. Fundus 

b. Cardiac region d. Pyloms 

6. Which of these organs lies in the right hypoehon- 
driae region of the abdomen? 

a. Stomaeh e. Cecum 

b. Spleen d. Liver 

7. Release of seeretin leads to 

a. eontraetion of smooth muscle in the duodenal 
papilla. 

b. inereased seeretory aetivity of liver eells. 
e. eontraetion of the gallbladder wall. 

d. release of biearbonate-rieh fluid by the panereas. 

8. The pH of ehyme entering the duodenum is ad- 
justed by 

a. bile. 

b. intestinal juice. 

e. enzyme seeretions from the panereas. 

d. biearbonate-rieh seeretions from the panereas. 

9. A 3-year-old girl is rewarded with a hug because 
she is now eompletely toilet trained. Which rmisele 
is one that she has learned to eontrol? 

a. Levator ani 

b. Internal anal sphineter 

e. Internal and external obliques 
d. External anal sphineter 


10. Hormones that aet to deerease blood glucose level 
include 

a. insulin. e. epinephrine 

b. ghieagon. d. growth hormone. 

11. Which events occur shortly after eating? 

a. Use of amino aeids as a major source of energy 

b. Lipogenesis (and fat deposit) 
e. Breakdown of fat reserves 

d. Inereased uptake of ghieose by skeletal muscles 
and other body tissues 

12. The material that forms the bulk of a tooth is 

a. eement. e. enamel. 

b. dentin. d. pulp. 

13- Complete this statement. In glyeolysis_ 

is oxidized and_is reduced. 

a. vitamin-eontaining eoenzyme; glucose 

b. ATP; ADP 

e. ghieose; oxygen 

d. glucose; vitamin-eontaining eoenzyme 

Short Ansvver Essay 

14. Make a simple line drawing of the organs of the ali- 
mentary tube, and label eaeh organ. 

15. Add three labels to your drawing—salivary glands, 
liver, and panereas—and use arrows to show 
where eaeh of these organs empties its seeretion 
into the alimentary tube. 

16. Name the layers of the alimentary tube wall from 
the lumen outward. 

17. What is the mesentery? The peritoneum? 

18. Name the subdivisions of the small intestine in a 
proximal to distal direetion. Do the same for the 
subdivisions of the large intestine. 

19- What substance eovers the tooth crown? What sub- 
stanee makes up the bulk of a tooth? What is pulp, 
and where is it? 

20. Name the three pairs of salivary glands. 

21. Assume you have been chewing a pieee of bread 
for five or six minutes. How would you expect its 
taste to ehange during this time? Why? 

22. Name two regions of the digestive traet where 
meehanieal food breakdown occurs, and explain 
how it is aeeomplished in those regions. 

23. How does the stomaeh proteet itself from being 
digested? 

24. Bile emulsifies fat. Define emulsify. 


Column B 

a. salivary glands 

b. esophagus 
e. stomaeh 

d. small intestine 

e. liver 

f. gallbladder 

g. panereas 

h. large intestine 
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25. What is the function of gastrin? 

26. Deseribe the two phases of swallowing. 

27. How do segmental and peristaltie movements differ? 

28. A eream eheese and jelly sandwich eontains proteins, 
earbohydrates, and fats. Deseribe what happens to 
the sandwich when you eat it relative to events 
occurring in ingestion, digestion, absorption, and 
defeeation. 

29. What substances are absorbed in the large intestine? 

30. What is the eomposition of feees? 

31. Define defeeation reflex, eonstipation, and diarrhea. 

32. Define metabolism, anabolism, and eatabolism. 

33. Define glneoneogenesis, glyeogenolysis, and glyeo- 
genesis. 

34. Which food group is most important for building 
eell structures? 

35. What is the harmful result when excessive amounts 
of fats are burned to produce ATP? Name two eon- 
ditions that might lead to this result. 

36. How many ealories are produced when 1 gram of 
earbohydrate is oxidized? 1 gram of protein? 1 gram of 
fat? If you just ate 100 grams of food that was 20 per- 
eent protein, 30 pereent earbohydrate, and 10 pereent 
fat, how many kiloealories did you consume? 

37. Some of the energy released as foods are oxidized is 
captured to make ATP. What happens to the rest of it? 

38. Name two ways in which heat is lost from the body. 

39. What is fever? What does it indieate? 

40. Name three digestive system problems eommon to 
middle-aged adults. Name one eommon to teenagers. 
Name three eommon in elderly persons. 

Critical Thinking and 

dinieal Applieation 
Questions 

41. After ehopping wood for about two hours on a hot 
but breezy afternoon, John stumbled into the 
house and then fainted. His T-shirt was wringing 
wet with perspiration, and his pulse was faint and 
rapid. Was he suffering from heat stroke or heat 
exhaustion? Explain your reasoning, and note what 
you should do to help John reeover. 


42. Harry is hospitalized with baeterial pneumonia. 
When you visit him, his teeth are ehattering, his 
skin is eool and elammy to the touch, and he eom- 
plains of feeling eold even though his room is quite 
warm. Explain his symptoms. 

43. A young woman is put through an extensive bat- 
tery of tests to determine the cause of her stomaeh 
pains. She is diagnosed with gastrie ulcers. An anti- 
histamine dmg is preseribed, and she is sent home. 
What is the meehanism of her medieation? What 
life-threatening problems ean result from a poorly 
managed ulcer? Why did the elinie doetor warn the 
woman not to take aspirin? 

44. Continuing from the previous question, the 
woman’s ulcer got worse. She started eomplaining 
of baek pain. The physieian diseovered that the 
baek pain occurred because the panereas was now 
damaged. Use logie to deduce how a perforating 
gastrie ulcer could eome to damage the panereas. 

45. Benny, a 6-year-old ehild who is allergie to milk, 
has extremely bowed legs. What eondition do you 
suspect, and what is the eonneetion to not drinking 

milk? 

46. A new mother is worried about her week-old 
infant. The baby has begun to turn blue whenever 
she is fed and ehokes during eaeh feeding. What 
developmental abnormality do you suspect, and 
how will it be eorreeted? 

47. An anorexic girl shows high levels of aeetone in 
her blood. What is this eondition ealled, and what 
has caused it? 

48. Every year dozens of elderly people are found 
dead in their unheated apartments—vietims of 
hypothermia. What is hypothermia, and how does 
it kill? 

49. Mr. Harold has had nonstop diarrhea all day and is 
severely weakened. Why is his nurse eoneerned? 

50. Ginny has been on antibioties for an extended 
period. A visit to her physieian reveals that she has 
a vitamin K defieieney. What is the cause-and-effect 
relationship here? 










FHNlTION PREl/IEM/ 

The urinary system rids the body of nitrogenous vvastes vvhile regulating vvater, 
eleetrolyte, and aeid-base balanee of the blood. 


The kidneys, uihich maintain the pnriti/ and eon- 

staney of our internal fluids, are perfeet examples of 
homeostatie organs. Much like sanitation workers 
who keep a eity’s water supply drinkable and dis- 
pose of its waste, the kidneys are usually unappre- 
eiated until there is a malflmetion and “internal 
garbage” piles up. Every day, the kidneys filter gal- 
lons of fluid from the bloodstream. They then 
proeess this filtrate, allowing wastes and excess ions 
to leave the body in urine while retiirning needed 
substances to the blood in just the right proportions. 
Although the lungs and the skin also play roles in 
excretion, the kidneys bear the major responsibility 
for eliminating nitrogenous (nitrogen-eontaining) 
wastes, toxins, and drngs from the body. 

Disposing of wastes and excess ions is only 
one part of the work of the kidneys. As they perform 


these excretory functions, they also regulate the 
blood’s volume and ehemieal makeup so that the 
proper balanee between water and salts and be- 
tween aeids and bases is maintained. Frankly, this 
would be trieky work for a ehemieal engineer, but 
the kidneys do it effieiently most of the time. 

The kidneys have other regulatory functions as 
well: By producing the enzyme renin (re'nin), 
they help regulate blood pressure, and their hor- 
mone erythropoietin stimulates red blood eell pro- 
duction in bone marrow (see ehapter 10). Kidney 
eells also eonvert vitamin D to its aetive form. 

The kidneys alone perform the functions just 
deseribed and manufacture urine in the proeess. 
The other organs of the urinary system —the 
paired ureters and the single urinary bladder 
and urethra (Figure 15.1) —provide temporary 
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Hepatie veins (cut) 
Inferior vena eava- 

Adrenal gland- 

Ao rta- 

lliae erest- 


Rectum (cut) 

Uterus (part - 
of female 
reproductive 
system) 




12th rib 

Figure 15.1 Organs of the urinary system. 

(a) Anterior view of urinary organs of a female. (Most 
unrelated abdominal organs have been removed.) 

(b) Posterior in situ vievv of a male shovving the 

relationship of the kidneys to the 12th rib pair. (b) 


Renal artery 
Renal hilum 

Renal vein 
Kidney 

Ureter 


Urinary 

bladder 


U reth ra 



storage reservoirs for urine or serve as transpor- 
tation ehannels to earry it from one body region 
to another. 

Kidneys 

Loeation and Structure 

Deseribe the loeation of the kidneys in the body. 

Identify the following regions of a kidney (longitudinal 
seetion): hilum, cortex, medulla, medullary pyramids, 
ealyees, pelvis, and renal columns. 


Although many believe that the kidneys are lo- 
eated in the lower baek, this is not their loeation. 
Instead, these small, dark red organs with a kidney- 
bean shape lie against the dorsal body wall in a 
retroperitoneal position (beneath the parietal peri- 
toneum) in the superior lumbar region. The kid- 
neys extend from the T 12 to the L 3 vertebra; thus 
they reeeive some proteetion from the lower part 
of the rib eage. Because it is crowded by the liver, 
the right kidney is positioned slightly lower than 
the left. An adult kidney is about 12 em (5 inehes) 
long, 6 em (2.5 inehes) wide, and 3 em (1 ineh) 
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thiek, about the size of a large bar of soap. It is 
convex laterally and has a medial indentation 
ealled the renal hilum. Several structures, includ- 
ing the ureters, the renal blood vessels, and nerves, 
enter or exit the kidney at the hilum (see Figure 
15.1 and Figure 15.2). Atop eaeh kidney is an 
adrenal gland, which is part of the endoerine sys- 
tem and is a distinetly separate organ functionally. 

A transparent fibrons eapsnle eneloses eaeh 
kidney and gives a fresh kidney a glistening ap- 
pearanee. A fatty mass, the perirenal fat capsule, 
surrounds eaeh kidney and aets to cushion it 
against blows. The renal faseia, the outermost 
capsule, anehors the kidney and helps hold it in 
plaee against the muscles of the tmnk wall. 

HOMEOSTATIC IMBALANOE 

The fat surrounding the kidneys is ex- 
tremely important in holding them in their normal 
body position. If the amount of fatty tissue dwin- 
dles (as with rapid weight loss), the kidneys may 
drop to a lower position, a eondition ealled ptosis 
(to'sis; “a fall’O. Ptosis ereates problems if the 
ureters, which drain urine from the kidneys, be- 
eome kinked. When this happens, urine that ean 
no longer pass through the ureters baeks up and 
exerts pressure on the kidney tissue. This eondi- 
tion, ealled hydronephrosis (hi"dro-né-fro'sis), 
ean severely damage the kidney. ) 

When a kidney is cut lengthwise, three dis- 
tinet regions beeome apparent (see Figure 15.2). 
The outer region, which is light in eolor, is the 
renal cortex. (The word cortex eomes from the 
Latin word meaning “bark.”) Deep to the cortex 
is a darker reddish-brown area, the renal 
medulla. The medulla has many basieally trian- 
gular regions with a striped appearanee, the 
renal, or medullary (med'u-lar"e), pyramids. 
The broader base of eaeh pyramid faees toward 
the cortex; its tip, the apex, points toward the in- 
ner region of the kidney. The pyramids are sepa- 
rated by extensions of cortexlike tissue, the 
renal columns. 

Lateral to the hilum is a flat, basinlike eavity, 
the renal pelvis. As Figure 15.2b shows, the 
pelvis is continuous with the ureter leaving the 
hilum. Extensions of the pelvis, ealyees (kal'í-sèz; 
singular calyx ), form cup-shaped areas that en- 
elose the tips of the pyramids. The ealyees eolleet 
urine, which continuously drains from the tips of 



the pyramids into the renal pelvis. Urine then 
flows from the pelvis into the ureter, which trans- 
ports it to the bladder for temporary storage. 

Blood Supply 

The kidneys continuously eleanse the blood and 
adjust its eomposition, so it is not surprising that 
they have a very rieh blood supply (see Figure 
15.2b and e). Approximately one-quarter of the to- 
tal blood supply of the body passes through the 
kidneys eaeh minute. The arterial supply of eaeh 
kidney is the renal artery. As the renal artery ap- 
proaehes the hilum, it divides into segmental 
arteries, eaeh of which gives off several branehes 
ealled interlobar arteries, which travel through 
the renal columns to reaeh the cortex. At the cortex- 
medulla junction, interlobar arteries give off the 
arcuate (ar'ku-at) arteries, which curve over the 
medullary pyramids. Small eortieal radiate arter- 
ies then braneh off the arcuate arteries and mn 
outward to supply the eortieal tissue. Venous 
blood draining from the kidney flows through 
veins that traee the pathway of the arterial supply 
but in a reverse direetion— eortieal radiate veins 
to arcuate veins to interlobar veins to the 
renal vein, which emerges from the kidney 
hilum. (There are no segmental veins.) 


DID YOU GET IT 

1. The kidneys are retroperitoneal. What does that 
mean? 

2 . Mary lost lots of vveight, and suddenly she vvas having 
problems vvith her urine flovv. What would you guess 
happened, and what caused the problem? 

3. From the most superficial aspeet of a kidney to its 
ureter, name its three major regions. 

For answers, see Appendix D. 



Nephrons and Urine Formation 

Reeognize that the nephron is the structural and 
functional unit of the kidney, and deseribe its anatomy. 

Nephrons 

Eaeh kidney eontains over a million tiny structures 
ealled nephrons (nef'ronz). Nephrons are the 
structural and functional units of the kidneys and, 
as such, are responsible for forming urine. Figure 
15.3 shows the anatomy and relative positioning 
of nephrons in eaeh kidney. 
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Figure 15-2 Internal anatomy of the kidney. (a) Photograph of a eoronally 
seetioned kidney. (b) Diagrammatie view of a eoronally seetioned kidney, illustrating 
major blood vessels. (e) Summary of the pathway of renal blood vessels. 
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Figure 15.3 Structure of the nephron. 

(a) Wedge-shaped seetion of kidney tissue indieating 
the positioning of nephrons in the kidney. (b) Detailed 
anatomy of a nephron and its assoeiated blood supply. 
Part of the distal convoluted tubule and afferent arteriole 
have been seetioned to reveal the loeation of the 
juxtaglomerular apparatus. (e) Diagrammatie view of 
the relationship of the viseeral layer of the glomerular 
capsule to the glomerular eapillaries. (d) Seanning 
eleetron mierograph of podoeytes elinging to the 
glomerular eapillaries. 
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Eaeh nephron eonsists of two main structures: 
a glomerulus (glo-mer'u-lus), which is a knot of 
eapillaries, and a renal tubule. The elosed end of 
the renal tubule is enlarged and cup-shaped and 
eompletely surrounds the glomerulus. This portion 
of the renal tubule is ealled the glomemlar 
(glom = little ball), or Bowman’s, capsule. The 
inner (viseeral) layer of the capsule is made up of 
highly modified octopus-like eells ealled 
podoeytes (pod'o-sltz). Podoeytes have long 
branehing proeesses ealled foot proeesses that in- 
tertwine with one another and eling to the 
glomerulus. Because openings, the so-ealled 
filtration slits, exist between their extensions, the 
podoeytes form a porous, or “holey,” membrane 
around the glomerulus (Figure 15.3c and d). 

The rest of the tubule is about 3 em (approxi- 
mately 1.25 inehes) long. As it extends from the 
glomemlar capsule, it eoils and twists before form- 
ing a hairpin loop and then again beeomes eoiled 
and twisted before entering a eolleeting tubule 
ealled the eolleeting duct. These different regions 
of the tubule have speeifie names (see Figure 
15.3a, b); in order from the glomemlar capsule 
they are the proximal convoluted tubule (PCT), 
the loop of Henle (hen'le), and the distal eon- 
voluted tubule (DCT). The lumen surfaces (sur- 
faee exposed to the filtrate) of the tubule eells in 
the proximal convoluted tubules are eovered with 
dense mierovilli, which inereases their surface area 
tremendously. Mierovilli also occur on the tubule 
eells in other parts of the tubule but in much re- 
duced numbers. 

Most nephrons are ealled eortieal nephrons 
because they are loeated almost entirely within the 
cortex. In a few eases, the nephrons are ealled 
juxtamedullary nephrons because they are situ- 
ated elose to the cortex-medulla junction, and 
their loops of Henle dip deep into the medulla 
(see Figure 15.3a). The eolleeting ducts, eaeh of 
which reeeives urine from many nephrons, mn 
downward through the medullary pyramids, giv- 
ing the pyramids a striped appearanee. They de- 
liver the final urine product into the ealyees and 
renal pelvis. 

Eaeh and every nephron is assoeiated with 
two eapillary beds—the glomerulus (mentioned 
earlier) and the peritubular (per"í-tu'bu-lar) 
eapillary bed. The glomerulus is both fed and 
drained by arterioles. The afferent arteriole, 
which arises from a eortieal radiate artery, is the 


“feeder vessel,” and the efferent arteriole re- 
eeives blood that has passed through the glomem- 
lus. The glomerulus, speeialized for filtration, is 
unlike any other eapillary bed in the entire body. 
Because it is both fed and drained by arterioles, 
which are high-resistanee vessels, and because the 
afferent arteriole has a larger diameter than the ef- 
ferent, blood pressure in the glomemlar eapillaries 
is much higher than in other eapillary beds. This 
extremely high pressure forees fluid and solutes 
(smaller than proteins) out of the blood into the 
glomemlar capsule. Most of this filtrate (99 per- 
eent) is eventually reelaimed by the renal tubule 
eells and returned to the blood in the peritubular 
eapillary beds. 

The seeond eapillary bed, the peritubular 
eapillaries, arises from the efferent arteriole that 
drains the glomerulus. Unlike the high-pressure 
glomerulus, these eapillaries are low-pressure, 
porous vessels that are adapted for absorption in- 
stead of filtration. They eling elosely to the whole 
length of the renal tubule, where they are in an 
ideal position to reeeive solutes and water from 
the tubule eells as these substances are reabsorbed 
from the filtrate pereolating through the tubule. 
The peritubular eapillaries ultimately drain into in- 
terlobar veins leaving the cortex. 

Llrine Formation 

Deseribe the proeess of urine formation, identifying 

the areas of the nephron that are responsible for 

filtration, reabsorption, and seeretion. 

Deseribe the function of the kidneys in excretion of 

nitrogen-eontaining wastes. 

Define anuria and oliguria. 

Urine formation is a result of three proeesses— 
glomernlar filtration, tubular reabsorption, and 
tubular seeretion. Eaeh of these proeesses is il- 
lustrated in Figure 15.4 and deseribed in more 
detail next. 

Glomemlar Filtration As just deseribed, the 

glomerulus aets as a filter. Glomerular fìltration 
is a nonseleetive, passive proeess in which fluid 
passes from the blood into the glomemlar eap- 
sule part of the renal tubule. Onee in the capsule, 
the fluid is ealled filtrate and it is essentially 
blood plasma without blood proteins. Both pro- 
teins and blood eells are normally too large to 
pass through the filtration membrane, and when 
either of these appear in the urine, it is a pretty 
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How would liver disease, in which the liver is unable to 
make many of the blood proteins, affeot proeess 1 ? 
(Reviewing Ohapter 10 might help.) 
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Glomemlar filtration: Water and solutes 
smaller than proteins are foreed through the 
eapillary vvalls and pores of the glomemlar 
capsule into the renal tubule. 


Tubular reabsorption: Water, glucose, 
amino aeids, and needed ions are 
transported out of the filtrate into the tubule 
eells and then enter the eapillary blood. 



Tubular seeretion: H + , K + , ereatinine, and 
drugs are removed from the peritubular blood 
and seereted by the tubule eells into the 
filtrate. 


Figure 15.4 The kidney depieted sehematieally 
as a single large, uncoiled nephron. A kidney 
actually has millions of nephrons aeting in parallel. 

Three proeesses in the kidneys adjust the eomposition 
of plasma. 
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fair bet that there is some problem with the 
glomemlar filters. As long as the systemie blood 
pressure is normal, filtrate will be formed. If arte- 
rial blood pressure drops too low, glomemlar 
pressure beeomes inadequate to foree substances 
out of the blood into the tubules, and filtrate for- 
mation stops. 

HOMEOSTATIC IMBALANCE 

An abnormally low urinary output is 
ealled oliguria (ol"i-gu're-ah) if it is between 
100 and 400 ml/day, and anuria (ah-nu're-ah) if it 
is less than 100 ml/day. Low urinary output usu- 
ally indieates that glomemlar blood pressure is too 
low to cause filtration, but anuria may also result 
from transfusion reaetions and acute inflammation 
or from emsh injuries of the kidneys. ) 

Tllblllar Reabsorption Besides wastes and excess 
ions that must be removed from the blood, the fil- 
trate eontains many useful substances (including 
water, glucose, amino aeids, and ions), which 
must be reelaimed from the filtrate and returned to 
the blood. Tubular reabsorption begins as soon 
as the filtrate enters the proximal convoluted 
tubule (Figure 15.5). The tubule eells are a trans- 
porters,” taking up needed substances from the fil- 
trate and then passing them out their posterior 
aspeet into the extracellular spaee, from which 
they are absorbed into peritubular eapillary blood. 
Some reabsorption is done passively (for example, 
water passes by osmosis), but reabsorption of 
most substances depends on aetive transport 
proeesses, which use membrane earriers and are 
very seleetive. There is an abundance of earriers 
for substances that need to be retained, and few 
or no earriers for substances of no use to the 
body. Needed substances (for example, glucose 
and amino aeids) are usually entirely removed 
from the filtrate. 

Nitrogenous waste products are poorly re- 
absorbed, if at all. These include urea (u-re'ah), 
formed by the liver as an end product of protein 
breakdown when amino aeids are used to pro- 
duce energy; uric aeid released when nucleic 
aeids are metabolized; and ereatinine (kre-at'í- 
nin), assoeiated with ereatine (kre'ah-tin) metabo- 
lism in muscle tissue. Because tubule eells have 
few membrane earriers to reabsorb these sub- 
stanees, they tend to remain in the filtrate and are 
found in high eoneentrations in urine excreted 
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Figure 15.5 Sites of filtration, reabsorption, and seeretion in a nephron. 


from the body. Various ions are reabsorbed or 
allowed to go out in the urine, aeeording to what 
is needed at a particular time to maintain the 
proper pH and eleetrolyte eomposition of the 
blood. Most reabsorption occurs in the proximal 
convoluted tubules, but the distal convoluted 
tubule and the eolleeting duct are also aetive. 

Tubular Seeretion Tubular seeretion is essen- 

tially tubular reabsorption in reverse. Some sub- 
stanees, such as hydrogen and potassium ions (H + 
and K + ) and ereatinine, also move from the blood 
of the peritubular eapillaries through the tubule 
eells or from the tubule eells themselves into the 
filtrate to be eliminated in urine. This proeess 
seems to be important for getting rid of substances 
not already in the filtrate, such as eertain drngs, 


excess potassium, or as an additional means for 
eontrolling blood pH (see Figure 15.5). 

DID YOU GET IT ? 

4 . What is the structural and functional unit of the 
kidney? 

5 . What are two functions of the renal tubule and one 
function of the peritubular eapillaries? 

6 . How does a deerease in blood pressure affeet 
glomerular pressure? 

For answers, see Appendix D. 

Characteristics of llrine 

Deseribe the eomposition of normal urine. 

List abnormal urinary eomponents. 































































A renal patient undergoing hemodialysis. 


How long has it been sinee you had 
a urinalysis? If you’re like most of 
us, the answer is: too long. This 
simple, inexpensive, painless test 
ean deteet renal disease years 
before any symptoms appear, 
buying time for early treatment 
and preventing life-threatening 
eomplieations. 

Unfortunately, urinalysis is often 
omitted from routine medieal 
checkups. Unfortunate, because 
ehronie renal disease is a major 
burden to the U.S. health eare 
system. One out of every 
15 Amerieans have some degree 
of kidney dysfunction, and nearly 
4 pereent of them require dialysis or 
a kidney transplant just to stay alive. 

Warning signs of kidney trouble 
may include high blood pressure, 
frequent urination, difficult or painful 
urination, puffy eyes, or swollen 
hands or feet. But all too often, there 
are few notieeable symptoms until 
advaneed stages, when a signifieant 
pereentage of kidney function has 
already been lost. Urinalysis is 
valuable because it ean deteet 
proteinuria, a sensitive and early 
marker of kidney damage. 

Where did this kidney erisis 
eome from? In adults, ehronie 
renal disease often develops in 
conjunction with other ehronie 
health eonditions. The leading cause 
is diabetes mellitus, which accounts 
for approximately 44 pereent of new 
eases eaeh year. Hypertension is a 
elose seeond, accounting for about 
28 pereent of eases. Notiee that 
hypertension is both a cause and a 
symptom: High blood pressure 
impairs kidney function by 


damaging renal blood vessels and 
reducing circulation to the organs, 
even as hypertension-battered 
kidneys push blood pressure 
upward. Atheroselerosis compounds 
the problem by further impairing 
circulation. 

Other possible causes of renal 
failure include the following: 

Repeated infeetions of the 
kidneys 

Physieal trauma to the kidneys 
(crush injury and others) 

Ohemieal poisoning of the tubule 
eells by heavy metals (mercury or 
lead) or organie solvents (dry- 
eleaning fluids, paint thinner) 

Prolonged pressure on skeletal 
muscles (causes release of 
myoglobin, a muscle pigment 
that ean elog renal tubules) 

In renal failure, filtrate formation 
deereases or stops eompletely. 
Because toxic wastes accumulate 
quickly in the blood when the 
kidney tubule eells are not working, 


dialysis (dialys = separate) is 
neeessary to eleanse the blood 
while the kidneys are shut down. 

In hemodialysis, which uses an 
“artifieial kidney” apparatus (see 
photo), the patient’s blood is 
passed through a membrane tubing 
that is permeable only to seleeted 
substances, and the tubing is 
immersed in a bathing solution 
that differs slightly from normal 
“eleansed” plasma. As blood 
circulates through the tubing, 
substances such as nitrogenous 
wastes and potassium ions (K + ) 
present in the blood (but not in the 
bath) diffuse out of the blood 
through the tubing into the 
surrounding solution. Substances 
to be added to the blood (mainly 
buffers for hydrogen ions [H + ] and 
glucose for malnourished patients) 
move from the bathing solution into 
the blood. In this way, needed 
substances are retained in the 
blood or added to it, while wastes 
and ion excesses are removed. 
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Hemodialysis is routinely done 
three times weekly, and eaeh 
session takes 4 to 8 hours. 
Hemodialysis patients oeeasionally 
encounter serious problems such 
as thrombosis, infeetion, and 
isehemia at the shunt site. 
Hemorrhage is an added risk, 
because the blood must be 
heparinized to prevent elotting 


during hemodialysis. (Heparin is an 
anticoagulant.) 

When renal damage is 
nonreversible, as in ehronie, slowly 
progressing renal failure, the kidneys 
beeome totally unable to proeess 
plasma or eoneentrate urine, and a 
kidney transplant is the only answer. 
llnless the new kidney eomes from 
an identieal twin, reeipients must take 


immunosuppressive drugs for the rest 
of their lives to prevent rejeetion. 

If this sounds bleak, eonsider 
that 40 years ago people who 
reaehed end-stage renal failure 
survived for only a few days. Today, 
they ean live for years or even 
deeades, and researehers are 
laboring to improve both life span 
and quality of life. 


In 24 hours, the marvelously complex kidneys fil- 
ter some 150 to 180 liters of blood plasma 
through their glomemli into the tubules, which 
proeess the filtrate by taking substances out of it 
(reabsorption) and adding substances to it (seere- 
tion). In the same 24 hours, only about 1.0 to 1.8 
liters of urine are produced. Urine and filtrate are 
quite different. Filtrate eontains everything that 
blood plasma does (except proteins), but by the 
time it reaehes the eolleeting ducts, the filtrate has 
lost most of its water and just about all of its nutri- 
ents and neeessary ions. What remains, urine, 
eontains nitrogenous wastes and unneeded sub- 
stanees. Assuming we are healthy, our kidneys 
ean keep our blood eomposition fairly eonstant 
despite wide variations in diet and eell aetivity. 

Freshly voided urine is generally elear and pale 
to deep yellow. The normal yellow eolor is due to 
nroehrome (u'ro-króm), a pigment that results 
from the body’s destmetion of hemoglobin. The 
more solutes are in the urine, the deeper yellow its 
eolor. Dilute urine is a pale, straw eolor. At times, 
urine may be a eolor other than yellow. This might 
be a result of eating eertain foods (beets, for exam- 
ple) or the presenee of bile or blood in the urine. 

When formed, urine is sterile, and its odor is 
slightly aromatie. If it is allowed to stand, it takes 
on an ammonia odor caused by the aetion of bae- 
teria on the urine solutes. Some dmgs, vegetables 
(such as asparagus), and various diseases (such as 
diabetes mellitus) alter the usual odor of urine. 

Urine pH is usually slightly aeid (around 6), but 
ehanges in body metabolism and eertain foods 
may cause it to be much more aeidie or basie. For 


example, a diet with large amounts of protein 
(eggs and eheese) and whole-wheat products 
causes urine to beeome quite aeid; thus, such 
foods are ealled aeid-ash foods. Conversely, a veg- 
etarian diet is ealled an alkaline-ash diet because it 
makes urine quite alkaline as the kidneys excrete 
the excess bases. Baeterial infeetion of the minary 
traet also may cause the urine to be alkaline. 

Because urine is water plus solutes, urine 
weighs more, or is more dense, than distilled wa- 
ter. The term used to eompare how much heavier 
urine is than distilled water is speeifie gravity. 
Whereas the speeifie gravity of pure water is 1.0, 
the speeifie gravity of urine usually ranges from 
1.001 to 1.035 (dilute to eoneentrated urine, re- 
speetively). Urine is generally dilute (that is, it has 
a low speeifie gravity) when a person drinks exces- 
sive fluids, uses dimeties (dmgs that inerease urine 
output), or has ehronie renal failme, a eondition in 
which the kidney loses its ability to eoneentrate 
mine (see a A Closer Look”). Conditions that pro- 
duce urine with a high speeifie gravity include 
inadequate fluid intake, fever, and a kidney inflam- 
mation ealled pyelonephritis (pi"é-lo-né-fri'tis). 

Solutes normally found in urine inehide 
sodium and potassium ions, urea, uric aeid, erea- 
tinine, ammonia, biearbonate ions, and various 
other ions, depending on blood eomposition. 
With eertain diseases, urine eomposition ean 
ehange dramatieally, and the presenee of abnormal 
substances in urine is often helpful in diagnosing 
the problem. This is why a routine urinalysis 
should always be part of any good physieal 
examination. 
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Table 15.1 

Abnormal Llrinary Constituents 


Substance 


Name of eondition 

Possible causes 

Glucose 


Glycosuria 

(gli"ko-su're-ah) 

Nonpathologieal: Excessive intake of sugary foods 
Pathologieal: Diabetes mellitus 

Proteins 


Proteinuria 

(pro"te-T-nu're-ah) 

(also ealled albuminuria) 

Nonpathologieal: Physieal exertion, pregnaney 
Pathologieal: Glomemlonephritis, hypertension 

Pus (WBCs and baeteria) 

Pyuria (pi-u're-ah) 

Llrinary traet infeetion 

RBCs 


Hematuria 

(he"mah-tu're-ah) 

Bleeding in the urinary traet (due to trauma, 
kidney stones, infeetion) 

Hemoglobin 


Hemoglobinuria 
(he"mo-glo-bí-nu' re-ah) 

Various: Transfusion reaetion, hemolytie anemia 

Bile pigment 


Bilirubinuria 

(bil"T-roo-bí-nu're-ah) 

Liver disease (hepatitis) 


Substances not normally found in urine are 
glucose, blood proteins, red blood eells, hemoglo- 
bin, white blood eells (pus), and bile. Names and 
possible causes of eonditions in which abnormal 
urinary constituents and volumes might be present 
are given in Table 15.1. 


DID YOU GET IT r 

7. Is the speeifie gravity of urine higher or lower than that 
of water? Why? 

For the answer, see Appendix D. 

llreters, llrinary Bladder, 
and llrethra 

Deseribe the general structure and function of the 
ureters, urinary bladder, and urethra. 

Compare the course and length of the male urethra to 
that of the female. 

Define micturition. 

Deseribe the differenee in eontrol of the external and 
internal urethral sphineters. 

Llreters 

The ureters (u-re' terz) are two slender tubes eaeh 
25 to 30 em (10 to 12 inehes) long and 6 mm 
QA ineh) in diameter. Eaeh ureter mns behind the 


peritoneum from the renal hilum to the posterior 
aspeet of the bladder, which it enters at a slight angle 
(see Figure 15.1 and Figure 15.6). The superior end 
of eaeh ureter is continuous with the pelvis of the 
kidney, and its mucosal lining is continuous with that 
lining the renal pelvis and the bladder below. 

Essentially, the ureters are passageways that 
earry urine from the kidneys to the bladder. 
Although it might appear that urine could simply 
drain to the bladder below by gravity, the ureters 
do play an aetive role in urine transport. Smooth 
muscle layers in their walls eontraet to propel urine 
into the bladder by peristalsis. Onee urine has en- 
tered the bladder, it is prevented from flowing 
baek into the ureters by small valvelike folds of 
bladder mucosa that flap over the ureter openings. 

HOMEOSTATIC IMBALANOE 

When urine beeomes extremely eoneen- 
trated, solutes such as uric aeid salts form erystals 
that preeipitate in the renal pelvis. These erystals are 
ealled renal calculi (kal'kyoo-li; calculus — little 
stone), or kidney stones. Excmciating pain that ra- 
diates to the flank occurs when the ureter walls 
elose in on the sharp calculi as they are being eased 
through the ureter by peristalsis or when the calculi 
beeome wedged in a ureter. Frequent baeterial in- 
feetions of the urinary traet, minary retention, and 
alkaline urine all favor calculi formation. Surgery 
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Figure 15.6 Basie structure of the female urinary bladder and urethra. 


has been the treatment of ehoiee, but a noninvasive 
procedure ( lithotripsy ) that uses ultrasound waves 
to shatter the calculi is beeoming more popular. 
The pulverized, sandlike remnants of the calculi are 
painlessly eliminated in the urine. ) 

Llrinary Bladder 

The urinary bladder is a smooth, eollapsible, 
muscular sae that stores urine temporarily. It is 
loeated retroperitoneally in the pelvis just poste- 
rior to the pubic symphysis. If the interior of the 
bladder is seanned, three openings are seen— 
the two ureter openings (ureteral orifiees) and 
the single opening of the urethra (u-re'thrah) 
(the internal urethral orifiee ), which drains the 
bladder (Figure 15.6). The smooth triangular re- 
gion of the bladder base outlined by these three 
openings is ealled the trigone (tri'gon). The 
trigone is important elinieally because infeetions 
tend to persist in this region. In males, the 
prostate gland (part of the male reproductive 
system) surrounds the neek of the bladder where 
it empties into the urethra. 

The bladder wall eontains three layers of 
smooth muscle, eolleetively ealled the detrusor 
muscle, and its mucosa is a speeial type of epithe- 
lium, transitional epithelium (see p. 92). Both of 
these structural features make the bladder uniquely 


suited for its function of urine storage. When the 
bladder is empty, it is eollapsed, 5 to 7.5 em (2 to 
3 inehes) long at most, and its walls are thiek and 
thrown into folds. As urine accumulates, the blad- 
der expands and rises superiorly in the abdominal 
eavity (Figure 15.7). Its muscular wall stretehes, 
and the transitional epithelial layer thins, inereas- 
ing its volume and allowing the bladder to store 



and an empty urinary bladder in an adult man. 
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more urine without substantially inereasing its in- 
ternal pressure. A moderately full bladder is about 
12.5 cm (5 inehes) long and holds about 500 ml 
(1 pint) of urine, but it is eapable of holding more 
than twice that amount. When the bladder is really 
distended, or stretehed by urine, it beeomes firm 
and pear-shaped and may be felt just above the 
pubic symphysis. Urine is formed continuously by 
the kidneys, but it is usually stored in the bladder 
until its release is eonvenient. 

llrethra 

The urethra is a thin-walled tube that earries 
urine by peristalsis from the bladder to the out- 
side of the body. At the bladder-urethra junction, 
a thiekening of the smooth muscle forms the 
internal urethral sphineter (see Figure 15.6), 
an invohmtary sphineter that keeps the urethra 
elosed when urine is not being passed. A seeond 
sphineter, the external urethral sphineter, is 
fashioned by skeletal muscle as the urethra passes 
through the pelvie floor. This sphineter is volun- 
tarily eontrolled. 

The length and relative function of the urethra 
differ in the two sexes. In women, it is about 3 to 
4 cm (Vá inehes) long, and its external orifiee, or 
opening, lies anteriorly to the vaginal opening 
(see also Figure l6.8a, p. 550). Its function is to 
conduct urine to the body exterior. 

.... > HOMEOSTATIC IMBALANOE 

" The female urinary orifiee is elose to 
the anal opening, and feees eontain a good deal of 
baeteria, so improper toileting habits (wiping from 
baek to front rather than from front to baek) ean 
earry baeteria into the urethra. Moreover, the mu- 
eosa of the urethra is continuous with that of the 
rest of the urinary traet organs, and an inflamma- 
tion of the urethra, or urethritis (u"re-thri'tis), 
ean easily aseend the traet to cause bladder in- 
flammation (< eystitis ) or even kidney inflammation 
(pyelonephritis, or pyelitis). Symptoms of uri- 
nary traet infeetion include dysnria (painful urina- 
tion), urinary nrgeney and frequency , fever, and 
sometimes cloudy or blood-tinged urine. When 
the kidneys are involved, baek pain and a severe 
headaehe are eommon. ) 

In men, the urethra is approximately 20 em 
(8 inehes) long and has three named regions (see 
Figure l6.2a, p. 541): the prostatie, membranous, 


and spongy (or penile ) urethrae. The urethra opens 
at the tip of the penis after traveling down its 
length. The urethra of the male has a double func- 
tion. It earries urine out of the body, and it provides 
the passageway through which sperm is ejeeted 
from the body. Thus, in males, the urethra is part of 
both the minary and reproductive systems. 

Micturition 

Micturition (mik"tu-rish'un), or voiding, is the 
aet of emptying the bladder. Two sphineters, or 
valves, the internal urethral sphineter (more supe- 
riorly loeated) and the external urethral sphineter 
(more inferiorly loeated) eontrol the flow of urine 
from the bladder (see Figure 15.6). Ordinarily, the 
bladder continues to eolleet urine until about 200 
ml have accumulated. At about this point, streteh- 
ing of the bladder wall aetivates streteh reeeptors. 
Impulses transmitted to the saeral region of the 
spinal eord and then baek to the bladder via the 
pelvie splanehnie nerves cause the bladder to go 
into reflex eontraetions. As the eontraetions be- 
eome stronger, stored urine is foreed past the in- 
ternal urethral sphineter (the smooth muscle, 
involuntary sphineter) into the upper part of the 
rnethra. It is then that a person feels the urge to 
void. Because the lower external sphineter is 
skeletal muscle and is voluntarily eontrolled, we 
ean ehoose to keep it elosed and postpone blad- 
der emptying temporarily. However, if it is eon- 
venient, the external sphineter ean be relaxed so 
that urine is flushed from the body. When a per- 
son ehooses not to void, the reflex eontraetions of 
the bladder stop within a minute or so, and urine 
continues to accumulate in the bladder. After 200 
to 300 ml more have been eolleeted, the mietrni- 
tion reflex occurs again. Eventually, micturition 
occurs whether the person wills it or not. 

^ HOMEOSTATIC IMBALANOE 

ineontinenee (in-kon'tí-nens) occurs 
when we are unable to voluntarily eontrol the ex- 
ternal sphineter. ineontinenee is normal in ehil- 
dren 2 years old or younger, because they have 
not yet gained eontrol over their voluntary sphine- 
ter. It may also occur in older ehildren who sleep 
so soundly that they are not awakened by the 
stimulus. However, after the toddler years, ineonti- 
nenee is usually a result of emotional problems, 
pressure (as in pregnaney), or nervous system 
problems (stroke or spinal eord injury). 
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LJrinary retention is essentially the opposite 
of ineontinenee. It is a eondition in which the 
bladder is unable to expel its eontained urine. 
There are various causes for urinary retention. It 
often occurs after surgery in which general anes- 
thesia has been given, because it takes a little time 
for the smooth muscles to regain their aetivity. 
Another cause of urinary retention, occurring pri- 
marily in older men, is enlargement, or 
hyperplasia, of the prostate gland, which sur- 
rounds the neek of the bladder. As the prostate 
gland enlarges, it narrows the urethra, making it 
very difficult to void. When urinary retention is 
prolonged, a slender flexible drainage tube ealled 
a eatheter (kath'í-ter) must be inserted through 
the urethra to drain the urine and prevent bladder 
trauma from excessive stretehing. ) 

DID YOU GET IT 

8 . A kidney stone bloeking a ureter would interfere with 
the flow of urine to which organ? 

9. Why is the presenee of transitional epithelium in the 
urinary bladder important? 

10. Structurally and functionally, how does the male 
urethra differ from the female urethra? 

11. What is a synonym for micturition ? 

For answers, see Appendix D. 

Fluid r Eleetrolyte, 
and Aeid-Base Balanee 

Blood eomposition depends on three major fae- 
tors: diet, cellular metabolism, and urine output. In 
general, the kidneys have four major roles to play, 
which help keep the blood eomposition relatively 
eonstant. These are (1) excretion of nitrogen- 
eontaining wastes, maintaining (2) water and 
(3) eleetrolyte balanee of the blood, and (4) ensur- 
ing proper blood pH. Excretion of nitrogenous 
wastes has already been eonsidered; roles 2 
through 4 are discussed briefly next. 

Maintaining Water and Eleetrolyte 
Balanee of Blood 

Name and loealize the three main fluid eompartments 
of the body. 

Explain the role of antidiuretic hormone (ADH) in the 
regulation of water balanee by the kidney. 


Total body water 

-Vnliimp = 4DI -, 

60% body weight 

Extracellular fluid 
(ECF) 

Volume = 15 L 

20% body weight 

lntracellular fluid (ICF) 

Volume = 25 L 

40% body weight 

Interstitial 
fluid (IF) 

Volume = 12 L 
80% of ECF 

Plasma 

Volume = 3 L, 20% of ECF 


Figiire 15.8 The major fluid eompartments of 
the body. Approximate values are noted for a 70-kg 
(154-pound) man. 

Explain the role of aldosterone in sodium and 

potassium balanee of the blood. 

Define diuresis and polyuria. 

Body Fluids and Fluid Compartments 

If you are a healthy young adult, water probably 
accounts for half or more of your body weight— 
50 pereent in women and about 60 pereent in 
men. These differenees refleet the faet that 
women have relatively less muscle and a larger 
amount of body fat (and of all body tissues, fat 
eontains the least water). Babies, with little fat 
and low bone mass, are about 75 pereent water. 
This accounts for their “dewy” skin, like that of a 
freshly pieked peaeh. After infaney, total body 
water eontent deelines through life and accounts 
for only about 45 pereent of body mass in old 
age. We deseribed the importanee of water to the 
functioning of the body and its eells in ehapter 2. 
Reeall that water is the universal body solvent 
within which all solutes (including the very im- 
portant eleetrolytes) are dissolved. 

Water occupies three main loeations within the 
body, referred to as fluid eompartments (Figure 
15.8). About two-thirds of body fluid, the so-ealled 
intracellular fluid (ICF), is eontained within the 
living eells. The remainder, ealled extracellular 
fluid (ECF), includes all body fluids loeated out- 
side the eells. Although ECF most importantly in- 
cludes blood plasma and interstitial (or tissue) 
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Figure 15-9 The continuous mixing of body fluids. Nutrients and wastes are 
exchanged between the intracellular fluid and the plasma through the interstitial fluid. 
Blood plasma transports nutrients and wastes between the eells and the external 
environment of the body. 


fluid, it also accounts for eerebrospinal and serous 
fluids, the humors of the eye, lymph, and others. 

Plasma circulates throughout the body and 
links the external and internal environments 
(Figure 15-9). Exchanges occur almost continuously 
in the lungs, gastrointestinal traet, and kidneys. 
Although these exchanges alter plasma eomposi- 
tion and volume, adjustments in the other two 
fluid eompartments follow quickly so that balanee 
is restored as deseribed below. 

The Link between Water and Salt 

Water eertainly accounts for nearly the entire vol- 
ume of body fluids, regardless of type, and all 
body flmds are similar. But there is more to fluid 
balanee than just water. The types and amounts of 
solutes in body flmds, espeeially eleetrolytes such 
as sodium, potassium, and calcium ions, are also 
vitally important to overall body homeostasis, and 
water and eleetrolyte balanee, though we eonsider 


them separately here, are tightly linked as the kid- 
neys continuously proeess the blood. 

Regulation of Water Intake and Output 

If the body is to remain properly hydrated, we ean- 
not lose more water than we take in. Most water in- 
take results from fluids and foods we ingest in our 
diet. However, a small amount (about 10 pereent) is 
produced during cellular metabolism, as explained 
in ehapter 14 and indieated in Figure 15.10. 

The thirst meehanism is the driving foree for 
water intake. An inerease in plasma solute eontent 
of only 2 to 3 pereent excites highly sensitive eells in 
the hypothalamus ealled osmoreeeptors (oz"mo- 
re-sep'torz), which in turn aetivate the hypothala- 
mie thirst eenter (Figure 15.11). A dry mouth also 
occurs because the salivary glands obtain the water 
they require from the blood. When less fluid leaves 
the bloodstream, less saliva is produced, reinforeing 
the drive to drink. The same response is produced 
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How would the values shown here be affeeted by 
(1) drinking a six-pack ofbeer? (2) Fasting (only water 
is ingested)? 
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Figure 15.10 Water intake and output. Major 
sources of body vvater and routes of vvater loss from 
the body are shovvn. VVhen intake and output are in 
balanee, the body is adequately hydrated. 


by a deeline in blood volume (or pressure); how- 
ever, this is the less potent stimulus. 

Water leaves the body by several routes. Some 
water vaporizes out of the lungs (insensible water 
loss), some is lost in perspiration, and some leaves 
the body in the stool (see Figure 15.10). The job of 
the kidneys is like that of a juggler. On the one 
hand, if large amounts of water are lost in other 
ways, they eompensate by putting out less urine to 
eonserve body water. On the other hand, when wa- 
ter intake is excessive, the kidneys excrete gener- 
ous amounts of urine, and the anguish of a too-full 
bladder beeomes very real. 

Likewise, the proper eoneentrations of the 
various eleetrolytes must be present in both intra- 
cellular and extracellular fluids. Most eleetrolytes 
enter the body in foods and “hard” (mineral-rieh) 
water. Although very small amounts are lost in 
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Figure 15.11 The thirst meehanism for 
regulating water intake. The major stimulus is 
inereased osmolarity of blood plasma. (A deerease in 
plasma volume and blood pressure, not shown, is a 
less important stimulus that aets primarily to eontrol 
blood pressure.) 


perspiration and in feees, the major faetor regu- 
lating the eleetrolyte eomposition of body fluids 
is the kidneys. Next we explain in more detail 
just how the kidneys aeeomplish their balane- 
ing aet. 
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Reabsorption of water and eleetrolytes by the 
kidneys is regulated primarily by hormones. 
When blood volume drops for any reason (for 
example, as a result of hemorrhage or excessive 
water loss through sweating or diarrhea), arterial 
blood pressure drops, which in turn deereases 
the amount of filtrate formed by the kidneys. In 
addition, the hypothalamie osmoreeeptors reaet 
to the ehange in blood eomposition (that is, less 
water and more solutes) by beeoming more ac- 
tive. The result is that nerve impulses are sent 
to the posterior pituitary (Figure 15.12), which 
then releases antidiuretic hormone (ADH). 
(The term antidiuretic is derived from diuresis 
[di"u-re'sis], which means “flow of urine from the 
kidney,” and anti, which means “against.”) As 
you might guess, this hormone prevents excessive 
water loss in the urine. ADH travels in the blood 
to its main target, the kidney’s eolleeting ducts, 
where it causes the duct eells to reabsorb more 
water. As more water is returned to the blood- 
stream, blood volume and blood pressure in- 
erease to normal levels, and only a small amount 
of very eoneentrated urine is formed. ADH is re- 
leased more or less continuously unless the 
solute eoneentration of the blood drops too low. 
When this happens, the osmoreeeptors beeome 
“quiet,” and excess water is allowed to leave the 
body in the urine. 

HOMEOSTATIC IMBALANCE 

When ADH is not released (perhaps be- 
cause of injury or destmetion of the hypothalamus 
or posterior pituitary gland), huge amounts of very 
dilute urine (up to 25 liters/day) flush from the body 
day after day. This eondition, diabetes insipidus 
(in-sip'i-dus), ean lead to severe dehydration and 
eleetrolyte imbalanees. Affeeted individuals are 
always thirsty and have to drink fluids almost eon- 
tinuously to maintain normal fluid balanee. ) 

Eleetrolyte Balanee 

As indieated in ehapter 2, eleetrolytes are eharged 
partieles (ions) that conduct an eleetrieal current in 
an aqueous solution. Very small ehanges in the 
solute (eleetrolyte) eoneentrations in the various 
fluid eompartments cause water to move from one 
eompartment to another. This movement not only 
alters blood volume and blood pressure, but also 
ean severely impair the aetivity of irritable eells 
like nerve and muscle eells. For example, a defieit 


of sodium ions (Na + ) in the ECF results in water 
loss from the bloodstream into the tissue spaees 
(edema) and muscular weakness. 

Besides ADH, aldosterone (al"dos'ter-on) is a 
seeond hormone that helps to regulate blood eom- 
position and blood volume by aeting on the kid- 
ney. Aldosterone is the major faetor regulating 
sodium ion eontent of the ECF and in the proeess 
helps regulate the eoneentration of other ions (Cl _ , 

I O 

K , and Mg [magnesium]) as well. 

Sodium ion (Na + ) is the eleetrolyte most re- 
sponsible for osmotie water flows. When too little 
sodium is in the blood, the blood beeomes too di- 
lute. Consequently, water leaves the bloodstream 
and flows out into the tissue spaees, causing 
edema and possibly a shutdown of the circulatory 
system. Regardless of whether aldosterone is pres- 
ent or not, about 80 pereent of the sodium in the 
filtrate is reabsorbed in the proximal convoluted 
tubules of the kidneys. When aldosterone eoneen- 
trations are high, most of the remaining sodium 
ions are aetively reabsorbed in the distal eonvo- 
luted tubules and the eolleeting ducts. Generally 
speaking, for eaeh sodium ion reabsorbed, a ehlo- 
ride ion follows and a potassium ion is seereted 
into the filtrate. Thus, as the sodium eontent of the 
blood inereases, potassium eoneentration deereases, 
bringing these two ions baek to their normal bal- 
anee in the blood. Still another effeet of aldo- 
sterone is to inerease water reabsorption by the 
tubule eells, because as sodium is reelaimed, water 
follows it passively baek into the blood. A little mle 
to keep in mind here is: waterfollows salt. 

Reeall that aldosterone is produced by the 
adrenal cortex. Although rising potassium levels 
or falling sodium levels in the ECF direetly stimu- 
late the adrenal eells to release aldosterone, the 
most important trigger for aldosterone release is 
the renin-angiotensin meehanism (see Figure 
15.12) mediated by the juxtaglomerular QG) appa- 
ratus of the renal tubules. The juxtaglomerular ap- 
paratus (see Figure 15.3b) eonsists of a complex of 
modified smooth muscle eells (JG eells) in the af- 
ferent arteriole plus some modified epithelial eells 
forming part of the distal eonvohited tubule. The 
naming of this eell cluster refleets its loeation elose 
by ( juxta ) the glomerulus. When the eells of the JG 
apparatus are stimulated by low blood pressure in 
the afferent arteriole or ehanges in solute eontent 
of the filtrate, they respond by releasing the en- 
zyme renin into the blood. (Notiee the different 
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spelling of this enzyme from rennin, an enzyme 
seereted by stomaeh glands.) Renin eatalyzes the 
series of reaetions that prodiaee angiotensin II, 
which in turn aets direetly on the blood vessels to 
cause vasoeonstrietion (and an inerease in periph- 
eral resistanee) and on the adrenal eortieal eells to 
promote aldosterone release. As a result, blood 
volume and blood pressure inerease (see Figure 
15.12). The renin-angiotensin meehanism is ex- 
tremely important for regulating blood pressure. 

The pressure drop also excites baroreeeptors in 
the larger blood vessels. These baroreeeptors alert 
sympathetie nervous system eenters of the brain to 
cause vasoeonstrietion (via release of epinephrine 
and norepinephrine), which inereases the periph- 
eral resistanee (see Figure 15.12). However, this 
neural meehanism’s major focus is blood pressure 
regulation, not water and eleetrolyte balanee. 

H0ME0STATIC IMBALANOE 

People with Addison’s disease 

(hypoaldosteronism) have polyuria (excrete large 
volumes of urine) and lose tremendous amounts of 
salt and water to urine. As long as adequate 
amounts of salt and fluids are ingested, people with 
this eondition ean avoid problems, but they are 
eonstantly teetering on the brink of dehydration. ) 

DID YOU GET IT 

12. What are the four main functions of the kidneys? 

13. What is the ehief meehanism prompting vvater intake? 

14. What is the role of aldosterone in vvater balanee? 

15. Where are osmoreeeptors loeated, and to vvhat 
stimulus do they respond? 

For answers, see Appendix D. 

Maintaining Aeid-Base 
Balanee of Blood 

Compare and eontrast the relative speed of buffers, 
the respiratory system, and the kidneys in maintaining 
the aeid-base balanee of the blood. 

For the eells of the body to function properly, 
blood pH must be maintained between 7.35 and 
7.45, a very narrow range. Whenever the pH of ar- 
terial blood rises above 7.45, a person is said to 
have alkalosis (af'kah-lo'sis). A drop in arterial 
pH to below 7.35 results in aeidosis (as'ì-do'sis). 
Because a pH of 7.0 is neutral, 7.35 is not aeidie, 
ehemieally speaking; however, it represents a 



higher-than-optimal hydrogen ion eoneentration 
for the functioning of most body eells. Therefore, 
any arterial pH between 7.35 and 7.0 is ealled 
physiologieal aeidosis. 

Although small amounts of aeidie substances en- 
ter the body in ingested foods, most hydrogen ions 
originate as by-products of cellular metabolism, 
which continuously adds substances to the blood 
that tend to disturb its aeid-base balanee. Many dif- 
ferent aeids are produced (for example, phosphorie 
aeid, laetie aeid, and many types of fatty aeids). In 
addition, earbon dioxide, which is released during 
energy production, forms earbonie aeid. Ammonia 
and other basie substances are also released to the 
blood as eells go about their usual a business.” 
Although the ehemieal buffers in the blood ean tem- 
porarily u tie up” excess aeids and bases, and the 
lungs have the ehief responsibility for eliminating 
earbon dioxide from the body, the kidneys assume 
most of the load for maintaining aeid-base balanee 
of the blood. Before deseribing how the kidneys 
function in aeid-base balanee, let’s take a look at 
how eaeh of our other two pH-eontrolling systems, 
blood buffers and the respiratory system, works. 

Blood Buffers 

Chemical buffers are systems of one or two mole- 
cules that aet to prevent dramatie ehanges in hy- 
drogen ion (H + ) eoneentration when aeids or bases 
are added. They do this by binding to hydrogen 
ions whenever the pH drops and by releasing hy- 
drogen ions when the pH rises. The ehemieal 
buffers aet within a fraetion of a seeond, so they 
are the first line of defense in resisting pH ehanges. 

To better understand how a ehemieal buffer 
system works, let’s review the definitions of strong 
and weak aeids and bases. Reeall that aeids are 
proton (H + ) donors, and that the aeidity of a solu- 
tion refleets only th efree hydrogen ions, not those 
still bound to anions. Strong aeids dissoeiate eom- 
pletely and liberate all their H + in water. Con- 
sequently they ean cause large ehanges in pH. 
By eontrast, weak aeids such as earbonie aeid dis- 
soeiate only partially (not all molecules dissoeiate) 
and so have a much slighter effeet on a solution’s 
pH (Figure 15.13). However, weak aeids are very 
effeetive at preventing pH ehanges sinee they are 
foreed to dissoeiate and release more H + when the 
pH rises over the desirable pH range. This feature 
allows them to play a very important role in the 
ehemieal buffer systems. 
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Also reeall that bases are proton or hydrogen 
ion aeeeptors. Strong bases like hydroxides disso- 
eiate easily in water and quickly tie up H + , but 
weak bases such as biearbonate ion (HC0 3 _ ) and 
ammonia (NH 3 ) are slower to aeeept H + . However, 
as pH drops, the weak bases beeome “stronger” 
and begin to tie up more hydrogen ions. Thus, 
like weak aeids, they are valuable members of the 
ehemieal buffer systems. 

The three major ehemieal buffer systems of the 
body are the biearbonate, phosphate, and protein 
buffer systems, eaeh of which helps to maintain the 
pH in one or more of the fluid eompartments. They 
all work together, and anything that causes a shift in 
H + eoneentration in one eompartment also causes 
ehanges in the others. Thus, drifts in pH are resisted 
by the entire buffering system. Because all three sys- 
tems operate in a similar way, we will examine just 
one, the biearbonate buffer system, which is impor- 
tant in preventing ehanges in blood pH. 

The biearbonate buffer system is a mixture 
of earbonie aeid (H 2 C0 3 ) and its salt, sodinm bi- 
earbonate (NaHC0 3 ). Carbonic aeid is a weak 
aeid, so it does not dissoeiate much in neutral or 
aeidie solutions. Thus, when a strong aeid, such as 
hydroehlorie aeid (HCl) is added, most of the ear- 
bonie aeid remains intaet. However, the biearbonate 
ions (HC0 3 _ ) of the salt aet as bases to tie up the 
H + released by the stronger aeid, forming more 
earbonie aeid: 

HCl + NaHC0 3 -> H 2 C0 3 + NaCl 

strong weak weak salt 

aeid base aeid 

Because the strong aeid is (effeetively) ehanged to 
a weak one, it lowers the pH of the solution only 
very slightly. 

Similarly, if a strong base such as sodium hy- 
droxide (NaOH) is added to a solution eontaining 
the biearbonate buffer system, NaHC0 3 will not 
dissoeiate further under such alkaline eonditions. 
However, earbonie aeid will be foreed to dissoei- 
ate further by the presenee of the strong base— 
liberating more H + to bind with the OH _ released 
by NaOH. 

NaOH + H 2 C0 3 -> NaHC0 3 + H 2 0 

strong weak weak water 

base aeid base 

The net result is replaeement of a strong base by a 
weak one, so that the pH of the sohition rises very 
little. 



(a) A strong aeid 
such as HCI 
dissoeiates 
eompletely 
into its ions. 



(b) A weak aeid such 
as H 2 C0 3 does 
not dissoeiate 
eompletely. 


Figure 15.13 Dissoeiation of strong and weak 
aeids in water. LJndissoeiated molecules are shown in 
eolored ovals. 


Respiratory System Controls 

As we deseribed in ehapter 13, the respiratory sys- 
tem eliminates earbon dioxide from the blood 
while it “loads” oxygen into the blood. Remember 
that when earbon dioxide (C0 2 ) enters the blood 
from the tissue eells, most of it enters the red 
blood eells, where it is eonverted to biearbonate 
ion (HC0 3 _ ) for transport in the plasma, as shown 
by the equation 

earbonie 

anhydrase 

co 2 + h 2 o h 2 co 3 H + + hco 3 _ 

earbon water earbonie hydrogen biearbonate 

dioxide aeid ion ion 

The double arrows reveal that this reaetion goes 
both ways but that an inerease in earbon dioxide 
pushes the reaetion to the right, producing more 
earbonie aeid. Likewise, an inerease in hydrogen 
ions pushes the reaetion to the left, producing 
more earbonie aeid. 

In healthy people, earbon dioxide is expelled 
from the lungs at the same rate as it is formed in the 
tissues. Thus the H + released when earbon dioxide 
is loaded into the blood is not allowed to accumu- 
late because it is tied up in water when C0 2 is un- 
loaded in the lungs. So, under normal eonditions, 
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the hydrogen ions produced by earbon dioxide 
transport have essentially no effeet on blood pH. 

However, when C0 2 accumulates in the blood 
(for example, during restrieted breathing) or more 
H + is released to the blood by metabolie 
proeesses, the ehemoreeeptors in the respiratory 
eontrol eenters of the brain (or in peripheral blood 
vessels) are aetivated. As a result, breathing rate 
and depth inerease, and the excess H + is “blown 
off’ as more C0 2 is removed from the blood. 

In eontrast, when blood pH begins to rise 
(alkalosis), the respiratory eenter is depressed. 
Consequently, the respiratory rate and depth fall, 
allowing earbon dioxide (henee, H + ) to accumu- 
late in the blood. Again blood pH is restored to 
the normal range. Generally, these respiratory sys- 
tem eorreetions of blood pH (via regulation of 
C0 2 eontent of the blood) are aeeomplished 
within a minute or so. 


reabsorbed and hydrogen ions are seereted. Urine 
pH varies from 4.5 to 8.0, which refleets the ability 
of the renal tubules to excrete basie or aeid ions to 
maintain blood pH homeostasis. 


DID YOU GET IT 



16. Why is blood pH in the range 7.0 to 7.35 eonsidered 
aeidie even though basie ehemistry defines any pH 
above 7.0 as basie? 

17. To minimize the pH shift that occurs when a strong 
aeid is added to water, would it be better to add a 
strong base or a weak base? Why? 

18 . Brian’s ultralight plane has erashed in the desert. It is 
hot, and he negleeted to bring a eanteen of water. 
Assume he is there all day. How would you expect this 
situation to affeet the solute eoneentration of his 
blood? 

19. What are the two main ways the kidneys maintain the 
aeid-base balanee of the blood? 


Renal Meehanisms 

ehemieal buffers ean tie up excess aeids or bases 
temporarily, but they eannot eliminate them 
from the body. And although the lungs ean dis- 
pose of earbonie aeid by eliminating earbon 
dioxide, only the kidneys ean rid the body of 
other aeids generated during metabolism. 
Additionally, only the kidneys have the power to 
regulate blood levels of alkaline substances. 
Thus, although the kidneys aet slowly and re- 
quire hours or days to bring about ehanges in 
blood pH, they are the most potent of the meeh- 
anisms for regulating blood pH. 

The most important means by which the kid- 
neys maintain aeid-base balanee of the blood are 
by (1) excreting biearbonate ions and (2) eon- 
serving (reabsorbing) or generating new biear- 
bonate ions. Look baek again at the equation 
showing how the earbonie aeid-biearbonate 
buffer system operates. Notiee that losing an 
HC0 3 _ from the body has the same effeet as 
gaining an H + because it pushes the equation to 
the right (that is, it leaves a free hydrogen ion). 
By the same token, reabsorbing or generating 
new HC0 3 _ is the same as losing H + because it 
tends to eombine with a hydrogen ion and 
pushes the equation to the left. 

Renal meehanisms undertake these adjustments: 
As blood pH rises, biearbonate ions are excreted 
and hydrogen ions are retained by the tubule eells. 
Conversely, when blood pH falls, biearbonate is 


For answers, see Appendix D. 

Developmental Aspeets 
of the (Jrinary System 

Deseribe three eommon eongenital problems of the 
iirinary system. 

Deseribe the effeet of aging on urinary system 
functioning. 

When you traee the development of the kidneys in 
a young embryo, it almost seems as though they 
ean’t “make up their mind” about whether to eome 
or go. The first tubule system forms and then be- 
gins to degenerate as a seeond, lower, set appears. 
The seeond set, in turn, degenerates as a third set 
makes its appearanee. This third set develops into 
the functional kidneys, which are excreting urine 
by the third month of fetal life. It is important to 
remember that the fetal kidneys do not work 
nearly as hard as they will after birth, because 
exchanges with the mother’s blood through the 
plaeenta allow her system to elear many of the 
undesirable substances from the fetal blood. 

HOMEOSTATIC IMBALANOE 

There are many eongenital abnormali- 
ties of this system. Two of the most eommon are 
polyeystie kidney and hypospadias. 

Adult polyeystie (pol"e-sis'tik) kidney dis- 
ease is a degenerative eondition that appears to 



Knovvledge of anatomy and 
physiology helps lieensed praetieal 
nurses eare for their patients. 

Originally, the term praetieal nurse 
was used to deseribe health workers 
who went into private homes to 
provide bedside nursing. Some 
lieensed praetieal nurses (LPNs) still 
provide eare in patients’ homes, but 
others play important roles in 
hospitals, doetors’ offiees, and 
health eare elinies. 

Linda Davila, an LPN employed 
by Stein Hospiee in Sandusky, 

Ohio, speeializes in earing for the 
terminally ill. “Most of our patients, 
perhaps 60 pereent, have eaneer,” 
she says. “Others have life- 
threatening kidney, lung, or eardiae 
eonditions, or AIDS. Most hospiee 
patients have been diagnosed as 
having six months or less to live, 
and they have ehosen to forgo 
aggressive medieal treatments. 

My job is to assist them in staying 
as eomfortable and pain-free as 
possible for the remaining days 
of their lives and to help maintain 
quality of life for them and their 
families.” 

Hospiee eare provides a 
multidisciplinary approaeh to help 
patients deal with a variety of 
physieal and emotional issues. 
Davila’s team includes soeial 
workers, spiritual advisers, registered 
nurses (RNs), and other LPNs. 
Explains Davila, “I provide personal 
eare for our patients by helping them 
with bathing and grooming and 
monitoring their medieations. I also 
work elosely with their families and 



Lieensed 


urse 


teaeh them how to eare 
for the patient: how to 
empty eatheters, bathe 
someone in bed, and 
ehange the sheets for someone 
who’s bedridden.” 

Davila’s elinieal skills and 


Davila 's anatomy 

anatomy/physiology training enable and physiology 

training enable her 
to monitor patients 


her to monitor a patient’s eondition 
elosely and alert team members to 
any ehanges. “Hospiee patients 
take many medieations, including 
nareoties,” she notes. The nareoties 
also slow down the digestive 
proeess and ean make patients 
eonstipated. “I monitor patients 
for side effeets and report any 
symptoms immediately to the RN 
on my team so we ean adjust their 
medieations.” 

In eaneer patients, Davila ean 
often gauge the extent of the 
disease and reeognize when it 
spreads. “In elass we learned that 
many types of eaneer spread to 
the bone. Sometimes patients will 
eomplain of sudden pain in their ribs, 
which could indieate their eaneer 
has progressed. With lung eaneer 
patients, Davila monitors for 
shortness of breath, a bluish tinge 
in skin and fingernails, and mental 
confusion—signs of reduced 
oxygen, indieating that the eaneer 
is impairing lung function. She 
promptly alerts team members so 
appropriate treatment ean begin. 

LPN training follows a structured 
curriculum in state-approved 
sehools. Applieants must hold 
a high sehool diploma or the 
equivalent and pass the sehool’s 


elosely. 


entranee examination. Typieal is 
a one-year program that includes 
anatomy and physiology as well as 
mathematies and other general 
educational requirements. 

After graduating from training, an 
LPN must also pass a state lieensing 
examination and earn continuing 
education eredits to maintain 
licensure. Aeereditation procedures 
vary from state to state. For more 
information about lieensed praetieal 
nursing and testing requirements, 
eontaet: 


National League for Nursing 
61 Broadway, 33rd Floor 
New York, New York 10006 
212-363-5555 
www.nln.org 


For additional information on this eareer, 
eliek the Focus on Oareers link at 

www.anatomyandphysiology.com. 








Homeostatie Relationships between the 
Llrinary System and Other Body Systems 


Endoerine System 


Kidneys dispose of 
nitrogenoiis wastes; maintain 
fluid, eleetrolyte, and aeid-base 
balanee of blood; produce the 
hormone erythropoietin; renal 
regulation of Na + and water balanee 
essential for blood pressure homeostasis 
and hormone transport in the blood 
ADH, aldosterone, ANP, and other 
hormones help regulate renal 
reabsorption of water and eleetrolytes 


Lymphatie System/lmmunity 


Kidneys dispose of nitrogenous 
wastes; maintain fluid, eleetrolyte, 
and aeid-base balanee of blood 
By returning leaked plasma fluid to 
cardiovascular system, lymphatie 
vessels help maintain normal systemie 
blood pressure needed for kidney 
function; immune eells proteet 
urinary organs from infeetion, eaneer, 
and other foreign substances 


Digestive System 


Kidneys dispose of nitrogenous 
wastes; maintain fluid, eleetrolyte, 
and aeid-base balanee of blood; 
also, metabolize vitamin D to the 
aetive form needed for calcium 
absorption 

Digestive organs provide nutrients 
needed for kidney eell health; liver 
synthesizes most urea, a nitrogenous 
waste that must be excreted by 
the kidneys 


Llrinary System 


Muscular System 


Kidneys dispose of nitrogenous 
wastes; maintain fluid, eleetrolyte, 
and aeid-base balanee of blood; renal 
regulation of Na + , K + , and Ca 2+ eontent 
in ECF emeial for muscle aetivity 
Muscles of pelvie diaphragm and 
external urethral sphineter function 
in voluntary eontrol of micturition; 
ereatinine is a nitrogenous waste 
product of muscle metabolism that 
must be excreted by the kidneys 



Nervous System 


Kidneys dispose of nitrogenous wastes; 
maintain fluid, eleetrolyte, and aeid-base 
balanee of blood; renal regulation of 
Na + , K + , and Ca 2+ eontent in ECF 
essential for normal neural function 
Neural eontrols involved in micturition; 
sympathetie nervous system aetivity 
triggers the renin-angiotensin 
meehanism 


Respiratory System 


Kidneys dispose of nitrogenous 
wastes; maintain fluid, eleetrolyte, 
and aeid-base balanee of blood 
Respiratory system provides oxygen 
required by kidney eells; disposes 
of earbon dioxide; eells in the lungs 
eonvert angiotensin I to angiotensin 


Cardiovascular System 


Kidneys dispose of nitrogenous 
wastes; maintain fluid, eleetrolyte, 
and aeid-base balanee of blood; 
renal regulation of Na + and water 
balanee essential for blood 
pressure homeostasis. Na + , K + , 
and Ca 2+ regulation help maintain 
normal heart function 
Systemie arterial blood pressure 
is the driving foree for glomemlar 
filtration; heart seeretes atrial 
natriuretic peptide; blood vessels 
transport nutrients, oxygen, ete. 
to urinary organs 


Reproductive System 


Kidneys dispose of nitrogenous wastes; 
maintain fluid, eleetrolyte, and aeid-base 
balanee of blood 


lntegumentary System 


Kidneys dispose of nitrogenous wastes; 
maintain fluid, eleetrolyte, and aeid-base 
balanee of blood 

Skin provides external proteetive barrier; 
serves as site for vitamin D synthesis and 
water loss (via perspiration) 


Skeletal System 


Kidneys dispose of nitrogenous wastes; 
maintain fluid, eleetrolyte, and aeid-base 
balanee of blood 
Bones of rib eage provide some 
proteetion to kidneys 
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mn in families. One or both kidneys enlarge, 
sometimes to the size of a football, and have many 
blisterlike saes (eysts) eontaining urine. These 
eysts interfere with renal function by obstmeting 
but initially not stopping urine drainage. Currently, 
little ean be done for this eondition except to 
prevent further kidney damage by avoiding 
infeetion. Renal failure is the eventual outcome, 
but kidney transplants improve ehanees for 
survival. 

In the rarer, infantile form of the disease, the 
kidney has blind pouches into which the filtrate 
fiows, totally bloeking drainage. The disease pro- 
gresses rapidly, resulting in death by 2 years of age. 

Hypospadias (hi"po-spa'de-as) is a eondition 
found in male babies only. It occurs when the ure- 
thral orifiee is loeated on the ventral surface of the 
penis. Corrective surgery is generally done when 
the ehild is around 12 months old. ) 

Because the bladder is very small and the kid- 
neys are unable to eoneentrate urine for the first 
2 months, a newborn baby voids from 5 to 40 
times per day, depending on fluid intake. By 
2 months of age, the infant is voiding approxi- 
mately 400 ml/day, and the amount steadily in- 
ereases until adoleseenee, when adult urine output 
(about 1500 ml/day) is aehieved. 

Control of the voluntary urethral sphineter 
goes hand in hand with nervous system develop- 
ment. By 15 months, most toddlers are aware 
when they have voided. By 18 months they ean 
hold urine in their bladder for about 2 hours, 
which is the first sign that toilet training (for void- 
ing) ean begin. Daytime eontrol usually occurs 
well before nighttime eontrol is aehieved. It is 
generally unrealistic to expect that eomplete 
nighttime eontrol will occur before the ehild is 
4 years old. 

During ehildhood and through late middle 
age, most urinary system problems are infectious, 
or inflammatory, eonditions. Many types of baete- 
ria may invade the urinary traet to cause urethritis, 
eystitis, or pyelonephritis. Eseheriehia eoli (esh"er- 
i'ke-ah ko'li) baeteria are normal residents of the 
digestive traet and generally cause no problems 
there, but they aet as pathogens (disease-causers) 
in the sterile environment of the urinary traet and 
account for 80 pereent of urinary traet infeetions. 
Baeteria and vimses responsible for sexually 
transmitted infeetions (STIs), which are primarily 


reproductive traet infeetions, may also invade and 
cause infiammation in the urinary traet, which 
leads to the elogging of some of its ducts. 

HOMEOSTATIC IMBALANCE 

Childhood streptoeoeeal (strep"to- 
kok'al) infeetions, such as strep throat and searlet 
fever, may cause inflammatory damage to the kid- 
neys if the original infeetions are not treated 
promptly and properly. A eommon sequel to 
untreated ehildhood strep infeetions is glomeru- 
lonephritis (glo-mer"u-lo-ne-fri'tis), in which the 
glomemlar filters beeome elogged with antigen- 
antibody complexes resulting from the strep 
infeetion. ) 

As we age, there is a progressive deeline in kid- 
ney size and function. By age 70, the rate of filtrate 
formation is only about half that of the middle-aged 
adult. This is believed to result from impaired renal 
circulation due to atheroselerosis, which affeets the 
entire circulatory system of the aging person. In ad- 
dition to a deerease in the number of functional 
nephrons, the tubule eells beeome less effieient in 
their ability to eoneentrate urine. 

Another consequence of aging is bladder 
shrinkage and loss of bladder tone, causing many 
elderly individuals to experience urgency (a feel- 
ing that it is neeessary to void) and frequency 
(frequent voiding of small amounts of urine). 
Nocturia (nok-tu're-ah), the need to get up dur- 
ing the night to urinate, plagues almost two-thirds 
of this population. In many, ineontinenee is the 
final outcome of the aging proeess. This loss of 
eontrol is a tremendous blow to the pride of many 
aging people. Urinary retention is another eom- 
mon problem; most often it is a result of hypertro- 
phy of the prostate gland in males. Some of the 
problems of ineontinenee and retention ean be 
avoided by a regular regimen of aetivity that keeps 
the body as a whole in optimum eondition and 
promotes alertness to elimination signals. 



DID YOU GET IT 



20 . VVhat is hypospadias? 

21. VVhat is urgency as related to the urinary system? 
VVhat is frequency? 

22 . VVhat accounts for urinary urgency and frequency in 
elderly people? 

For answers, see Appendix D. 
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Sinnmary 

Aeeess more review material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included below. 

iP = interaetive Physiology 

Kidneys (pp. 513-522) 

1. The paired kidneys are retroperitoneal in the supe- 
rior lumbar region. Eaeh kidney has a medial in- 
dentation (hilum), where the renal artery, renal 
vein, and ureter are seen. Eaeh kidney is enelosed 
in a tough fibrous capsule. A fatty cushion holds 
the kidneys against the body trunk wall. 

iP Urinary System Topie: Anatomy Review, p. 4. 

2. A longitudinal seetion of a kidney reveals an outer 
cortex, deeper medulla, and medial pelvis. 
Extensions of the pelvis (ealyees) surround the tips 
of medullary pyramids and eolleet urine draining 
from them. 

3. The renal artery, which enters the kidney, breaks 
up into segmental and then interlobar arteries that 
travel outward through the medulla. Interlobar ar- 
teries split into arcuate arteries, which braneh to 
produce eortieal radiate arteries, which serve the 
cortex. 

iP Urinary System Topie: Anatomy Review, pp. 

3-6. 

4. Nephrons are structural and functional units of 
the kidneys. Eaeh eonsists of a glomerulus and a 
renal tubule. Subdivisions of the renal tubule 
(from the glomerulus onward) are glomemlar 
capsule, proximal convoluted tubule, loop of 
Henle, and distal convoluted tubule. A seeond 
(peritubular) eapillary bed is also assoeiated with 
eaeh nephron. 

3. Nephron functions include filtration, reabsorption, 
and seeretion. Filtrate formation is the role of the 
high-pressure glomerulus. Filtrate is essentially 
plasma without blood proteins. In reabsorption, 
done by tubule eells, needed substances are re- 
moved from filtrate (amino aeids, glucose, water, 
some ions) and returned to blood. The tubule eells 
also seerete additional substances into filtrate. 
Seeretion is important to rid the body of drugs and 
excess ions and to maintain aeid-base balanee of 
blood. 


iP Urinary System Topie: Anatomy Review, pp. 

7-9. 

6. Urine is elear, yellow, and usually slightly aeidie, 
but its pH value varies widely. Substances nor- 
mally found in urine are nitrogenous wastes, wa- 
ter, various ions (always including sodium and 
potassium). Substances normally absent from urine 
include glucose, blood proteins, blood, pus 
(WBCs), bile. 

(Jreters, (Jrinary Bladder, and (Jrethra 

(pp. 522-525) 

1. The ureters are slender tubes mnning from eaeh 
kidney to the bladder. They conduct urine by peri- 
stalsis from kidney to bladder. 

iP Urinary System Topie: Anatomy Review, p. 3. 

2. The bladder is a muscular sae posterior to the pu- 
bie symphysis. It has two inlets (ureters) and one 
outlet (urethra). In males, the prostate gland sur- 
rounds its outlet. The function of the bladder is to 
store urine. 

3. The urethra is a tube that leads urine from the 
bladder to the body exterior. In females, it is 3 to 4 
em long and conducts only urine. In males, it is 20 
em long and conducts both urine and sperm. The 
internal sphineter of smooth muscle is at the blad- 
der-urethra junction. The external sphineter of 
skeletal muscle is loeated more inferiorly. 

4. Micturition is emptying of the bladder. The micturi- 
tion reflex causes the involuntary internal sphine- 
ter to open when streteh reeeptors in the bladder 
wall are stimulated. The external sphineter is vol- 
untarily eontrolled, so micturition ean ordinarily be 
temporarily delayed. ineontinenee is the inability 
to eontrol micturition. 

Fluid, Eleetrolyte, and Aeid-Base 

Balanee (pp. 525-532) 

1. Blood eomposition depends on diet, cellular me- 
tabolism, and urinary output. To maintain blood 
eomposition, the kidneys must do the following: 

a. Allow nitrogen-eontaining wastes (urea, ammonia, 
ereatinine, uric aeid) to leave the body in the urine. 

b. Maintain water and eleetrolyte balanee by ab- 
sorbing more or less water and reelaiming ions in 
response to hormonal signals. ADH inereases 
water reabsorption and eonserves body water. 
Aldosterone inereases reabsorption of sodium 
and water and deereases potassium reabsorption. 
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c. Maintain aeid-base balanee by aetively seereting 
biearbonate ions (and retaining H + ) and by ab- 
sorbing biearbonate ions (and seereting H + ). 
ehemieal buffers tie up excess H + or bases tem- 
porarily; respiratory eenters modify blood pH by 
retaining C0 2 (deereases pH) or by eliminating 
more C0 2 from the blood (inereases blood pH). 
Only the kidney ean remove metabolie aeids 
and excess bases from the body. 

ÌP Fluid and Eleetrolytes Topie: Introduction to 
Body Fluids, pp. 3, 8-18. 

Developmental Aspeets of the lirinary 
System (pp. 532-535) 

1. The kidneys begin to develop in the first few 
weeks of embryonie life and are excreting urine by 
the third month. 

2. Common eongenital abnormalities include poly- 
eystie kidney and hypospadias. 

3. Common urinary system problems in ehildren and 
young to middle-aged adults are infeetions caused 
by feeal mieroorganisms, mieroorganisms causing 
sexually transmitted infeetions, and Streptococcus. 

4. Renal failure is an imeommon, but extremely seri- 
ous, problem in which kidneys are unable to eon- 
eentrate urine, and dialysis must be done to main- 
tain ehemieal homeostasis of blood. 

3. With age, filtration rate deereases and tubule eells 
beeome less effieient at eoneentrating urine, lead- 
ing to urgency, frequency, and ineontinenee. 
In men, urinary retention is another eommon 
problem. 

Review Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. Mieroseopie examination of a seetion of the kidney 
shows a thick-walled vessel with glomemli seat- 
tered in the tissue on one side of the vessel but not 
on the other side. What vessel is this? 

a. Segmental vein 

b. Cortical radiate artery 
e. Interlobar vein 

d. Arcuate artery 

2. What is the glomerulus? 

a. The same as the renal tubule 

b. The same as Bowman’s capsule 

e. The same as the nephron 
d. Capillaries 


3. Urine passes through the ureters by which meeha- 
nism? 

a. Ciliary aetion 

b. Gravity alone 
e. Peristalsis 

d. Suction 

4. Effeets of aldosterone include 

a. inerease in sodium ion excretion. 

b. inerease in water retention. 

e. inerease in potassmm ion eoneentration in the 
urine. 

d. higher blood pressure. 

3. Which of the following is dependent on tubular se- 
eretion? 

a. elearing penieillin from the blood 

b. Removal of nitrogenous wastes that have been 
reabsorbed 

e. Removal of excess potassium ions from the blood 

d. Control of blood pH 

6. Which is a normal value for pereentage of body 
weight that is water for a young to middle-aged man? 

a. 73% e. 50% 

b. 45% d. 60% 

7. The smallest fluid eompartment is the 

a. intraeelhilar fluid. 

b. extracellular fluid. 

e. plasma. 

d. interstitial fluid. 

8. In the earbonie aeid-biearbonate buffer system, 
strong aeids are buffered by 

a. earbonie aeid. 

b. water. 

e. biearbonate ion. 

d. the salt of the strong aeid. 

Short Ansvver Essay 

9. Name the organs of the urinary system, and de- 
seribe the general hmetion of eaeh organ. 

10. Deseribe the loeation of the kidneys in the body. 

11. Make a diagram of a longitudinal seetion of a kid- 
ney. Identify and label the cortex, medulla, 
medullary pyramids, renal eolmnns, and pelvis. 

12. About 150 L of plasma filters into the renal tubules 
eaeh day, but only 1-2 L of urine is formed. What 
happens to the rest of the plasma fluid? 
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13. Traee the pathway a uric aeid molecule takes from 
a glomerulus to the urethra. Name every gross 
or mieroseopie structure it passes through on its 
journey. 

14. What is the function of the glomerulus? 

13. Besides ridding the body of wastes formed during 
eell metabolism, the kidney adjusts blood ehemistry 
in other ways. What are these three other ways? 

16. Explain the differenee between filtrate and urine. 

17. How does aldosterone modify the ehemieal eom- 
position of urine? 

18. What hormone’s name means “against urine flow”? 
What eondition happens if it is not seereted? 

19. Explain how Na + balanee, ECF volume, and blood 
pressure are jointly regulated. 

20. Explain how ehemieal buffer systems resist ehanges 
in pH. 

21. Deseribe the role of the respiratory system in eon- 
trolling aeid-base balanee. 

22. Why is urinalysis a routine part of any good physi- 
eal examination? 

23. How do the internal and external urethral sphine- 
ters differ structurally and functionally? 

24. Define mietnrition, and then deseribe the micturi- 
tion reflex. 

23. What sometimes happens when urine beeomes too 
eoneentrated or remains too long in the bladder? 

26. Define ineontinenee . 

27. Why is eystitis more eommon in females? 

28. What type of problem most eommonly affeets the 
urinary system organs? 

29. Deseribe the ehanges that occur in kidney and 
bladder function in old age. 


eritieal Thinking and 
(linieal Applieation 
Questions 

30. A 55-y ear- °lcl woman is awakened by an excruciat- 
ing pain that radiates from her right abdomen to 
her flank on the same side. The pain is not eontin- 
uous, but it recurs every 3 to 4 minutes. Diagnose 
this patient’s problem, and eite faetors that might 
favor its occurrence. Explain why this woman’s 
pain eomes in “waves.” 

31. Mitehell’s parents bring him to the elinie because 
his “wee-wee” (urine) is tinged with blood. Two 
days before, he was diagnosed with strep throat. 
His faee and hands are swollen. What is the proba- 
ble cause of Mitehell’s current kidney problem? 

32. A young woman has eome to the elinie with dys- 
uria and frequent urination. What is the most likely 
diagnosis? 

33. What happens to the rate of RBC production in a 
patient on dialysis with total renal failure? What 
could be given to the patient to counteract such a 
problem? (Hint: You might want to eheek Table 9.2 
on p. 331 for help with this one.) 

34. Two physiology students are having a disagree- 
ment about renal function. Dan says that the kid- 
neys work harder when you eat a high-salt diet, 
whereas Peter says that they work harder when 
you drink lots of water. Who is right, and why? 

35. Mr. Jessup, a 55-year-old man, is operated on for a 
eerebral tumor. About one month later, he eom- 
plains that he is excessively thirsty and that he has 
been voiding almost continuously. A urine sample 
is eolleeted, and its speeifie gravity is 1.001. What is 
your diagnosis of Mr. Jessup’s problem, and what 
might its eonneetion be to his previous surgery? 







The Reproductive System 


fhnltion prei ntw 

I The reproductive system ensures continuation of the speeies by producing offspring. 


Discuss the eommon purpose of the reproductive 
system organs. 

yi/losí organ systems of the body function almost 

continuously to maintain the well-being of the 
individual. The reproductive system, however, 
appears to “shimber” until puberty. The gonads 
(go'nadz; “seeds”), or primary sex organs, are 
the testes in men and the ovaries in women. The 
gonads produce sex eells, or gametes (gam'éts; 
“spouses”), and seerete sex hormones. The 
remaining reproductive system structures are 
aeeessory reproductive organs. Although male 
and female reproductive systems are quite dif- 
ferent, their joint purpose is to produce offspring. 

The reproductive role of the man is to manu- 
facture male gametes ealled sperm and deliver 
them to the woman’s reprodiietive traet. The woman, 
in turn, produces female gametes, ealled ova (sin- 


gular ovum ), or eggs. If the time is suitable, a 
sperm and egg fuse to produce a fertilized egg, 
which is the first eell of a new individual. Onee fer- 
tilization has occurred, the female uterus provides 
a proteetive environment in which the embryo, 
later ealled the fetus, develops until birth. 

The sex hormones play vital roles both in the de- 
velopment and function of the reproductive organs 
and in sexual behavior and drives. These gonadal 
hormones also influence the growth and develop- 
ment of many other organs and tissues of the body. 

Anatomy of the Male 
Reproductive System 

,z When provided with a model or diagram, identify the 
organs of the male reproductive system, and discuss 
the general function of eaeh. 








540 


Essentials of Hiiman Anatomy and Physiology 


Name the endoerine and exocrine products of the 
testes. 

Discuss the eomposition of semen, and name the 
glands that produce it. 

Traee the pathway followed by a sperm from the testis 
to the body exterior. 

Define ereetion, ejaculation, and circumcision. 

As already noted, the primary reproductive organs 
of the male are the testes (tes'téz), or male gonads, 
which have both an exocrine (sperm-producing) 
function and an endoerine (testosterone-producing) 
function. The aeeessory reproductive structures are 
ducts or glands that aid in the delivery of sperm to 
the body exterior or to the female reproductive traet. 

Testes 

Eaeh plum-sized testis is approximately 4 em (l l A 
inehes) long and 2.5 em (1 ineh) wide. A fibrous 
eonneetive tissue capsule, the timiea albnginea 
(tu'nì-kah aT'bu-jin'e-ah; a white eoat”) surrounds 
eaeh testis. Extensions of this capsule (septaj 
plunge into the testis and divide it into a large 
number of wedge-shaped lobnles. Eaeh lobule 
eontains one to four tightly eoiled seminiferous 
(sem'in-if'er-us) tubules, the actual “sperm-forming 
faetories” (Figure 16.1). Seminiferous tubules of 
eaeh lobe empty sperm into another set of tubules, 
the rete (re'te) testis, loeated at one side of 
the testis. Sperm travel through the rete testis to 
enter the first part of the duct system, the 
epididymis (ep"ì-did'i-mis), which hugs the exter- 
nal surface of the testis. 

Lying in the soft eonneetive tissue surrounding 
the seminiferous tubules are the interstitial (in"ter- 
stish'al) eells, functionally distinet eells that produce 
androgens—the most important of which is testos- 
terone. Thus, the sperm-producing and hormone- 
producing functions of the testes are earried out by 
eompletely different eell populations. 

Duct System 

The aeeessory organs forming the male duct sys- 
tem, which transports sperm from the body, are 
the epididymis, ductus deferens, and urethra 

(Figure 16.2). 

Epididymis 

The cup-shaped epididymis is a highly eoiled tube 
about 6 m (20 feet) long that eaps the superior part 



Spermatie eord 


Lobule 
Septum 

Tunica 

albuginea 


Rete testis 


Ductus (vas) 
deferens 


Epididymis 


Blood vessels 
and nerves 


Seminiferous 

tubule 


Figure 16.1 Sagittal seetion of the testis and 
assoeiated epididymis. 


of the testis and then mns down its posterolateral 
side (see Figure 16.1). The epididymis is the first 
part of the male duct system and provides a tempo- 
rary storage site for the immature sperm that enter it 
from the testis. While the sperm make their way 
along the tortuous course of the epididymis (a trip 
that takes about 20 days), they mature, gaining the 
ability to swim. When a man is sexually stirmalated 
and ejaculates, the walls of the epididymis eontraet 
to expel the sperm into the next part of the duct 
system, the ductus deferens. 

Ductus Deferens 

The ductus deferens (duk'tus def'er-enz; “earry- 
ing away”), or vas deferens, mns upward from 
the epididymis through the inguinal eanal into the 
pelvie eavity and arehes over the superior aspeet 
of the urinary bladder. This tube is enelosed, along 
with blood vessels and nerves, in a eonneetive tis- 
sue sheath ealled the spermatie eord (see Figure 
16.1), which travels upward through the inguinal 
eanal. The ductus deferens then loops medially 
over the ureter and deseends along the posterior 
bladder wall. The end of the ductus deferens 
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Looking at this diagram, it is easy to see how hypertrophy of the prostate gland 
might lead to urinary system problems. How so? 
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Figure 16-2 Male reproductive organs. (a) Sagittal view. 


expands as the ampulla and then empties into the 
ejaculatory (e-jak'u-lah-to"re) duct, which passes 
through the prostate gland to merge with the ure- 
thra. The main function of the ductus deferens is 
to propel live sperm from their storage sites, the 
epididymis and distal part of the ductus deferens, 
into the urethra. At the moment of ejaculation 
(ejae = to shoot forth), the thiek layers of smooth 
muscle in its walls ereate peristaltie waves that 
rapidly squeeze the sperm forward. 

As Figure 16.2 illustrates, part of the ductus 
deferens lies in the scrotum, a skin sae that hangs 
outside the body eavity and holds the testes. Some 
men vohmtarily opt to take full responsibility for 
birth eontrol by having a vaseetomy (vah-sek'to-me; 
“cutting the vas”). In this relatively minor oper- 

■ uoj}&uun 6uujeduuj ‘uoiBej jblij u\ ejgiejn 
egi ;ou;suoo p/noM ÁgdojpedÁg eieisojd ‘ejgiejn eg; ;o 
m ped jopedns egi sepj\oue pue/B eieisojd eep esneoeg 


ation, the surgeon makes a small ineision into the 
scrotum and then cuts through and ligates (ties 
off) the ductus deferens. Sperm are still produced, 
but they ean no longer reaeh the body exterior, 
and eventually they deteriorate and are phagoey- 
tized. A man is sterile after this procedure, but 
because testosterone is still produced, he retains 
his sex drive and seeondary sex eharaeteristies. 

LJrethra 

The urethra, which extends from the base of the 
urinary bladder to the tip of the penis, is the termi- 
nal part of the male duct system. It has three named 
regions: (1) the prostatie urethra, surrounded by 
the prostate gland; (2) the membranous urethra, 
spanning the distanee from the prostatie urethra to 
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Figure 16-2 (continued) Male reproductive 
organs. (b) Frontal view; posterior aspeet of penis. 


the penis; and (3) the spongy (penile) urethra, 

mnning within the length of the penis and open- 
ing to the body exterior via the external nrethral 
orifiee. As mentioned in ehapter 15, the male urethra 
earries both urine and sperm to the body exterior; 
thus, it serves two masters, the urinary and repro- 
ductive systems. However, urine and sperm never 
pass at the same time. When ejaculation occurs 
and sperm enter the prostatie urethra from the 
ejaculatory ducts, the bladder sphineter (internal 
urethral sphineter) eonstriets. This event not only 
prevents the passage of urine into the urethra 
but also prevents sperm from entering the urinary 
bladder. 

DID YOU GET IT 

1. VVhat are the two major functions of the testes? 

2 . VVhat is the role of the seminiferous tubules? 



3. Name the organs of the male duct system, in order, 
from the scrotum to the body exterior. 

For answers, see Appendix D. 


Aeeessory Glands and Semen 

The aeeessory glands include the paired seminal 
vesieles, the single prostate, and the bulbourethral 
(bul-bo-u-re'thral) glands (see Figure 16.2). These 
glands produce the bulk of semen (se'men), the 
sperm-eontaining fluid that is propelled out of the 
male’s reproductive traet during ejaculation. 

Seminal Vesieles 

The seminal (sem'i-nul) vesieles, loeated at the 
base of the bladder, produce about 60 pereent of 
seminal fluid, the fluid volume of semen. Their 
thiek, yellowish seeretion is rieh in sugar (fme- 
tose), vitamin C, prostaglandins, and other sub- 
stanees, which nourish and aetivate the sperm 
passing through the traet. The duct of eaeh semi- 
nal vesiele joins that of the ductus deferens on the 
same side to form the ejaculatory duct (see Figure 
16.2). Thus, sperm and seminal fluid enter the ure- 
thra together during ejaculation. 


Prostate 

The prostate is a single doughnut-shaped gland 
about the size of a peaeh pit (see Figure 16.2). It 
eneireles the upper (prostatie) part of the urethra just 
below the urinary bladder. Prostate gland seeretion is 
a milky fluid that plays a role in aetivating sperm. 
During ejaculation, the fluid enters the urethra 
through several small ducts. Because the prostate is 
loeated immediately anterior to the rectum, its size 
and texture ean be palpated (felt) by digital (finger) 
examination through the anterior reetal wall. 


HOMEOSTATIC IMBALANOE 

The prostate has a reputation as a 
health destroyer. Hypertrophy of the gland, an 
inerease in its size independent of the body’s 
growth, affeets nearly every older man, and stran- 
gles the urethra. This troublesome eondition 
makes urination difficult and enhanees the risk of 
bladder infeetions (eystitis) and kidney damage. 
Traditional treatment has been surgery, but some 
newer options are beeoming more popular. These 
include the following: 

• Using dmgs (finasteride) or microwaves to 
shrink the prostate 
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• Inserting a small infiatable balloon to eompress 
the prostate tissue away from the prostatie 
urethra 

• Inserting a tiny needle that emits bursts of 
radiofrequency radiation, which ineinerate 
excess prostate tissue 

Prostatitis, inflammation of the prostate, is the 
single most eommon reason for a man to consult a 
urologist, and prostatie eaneer is the third most 
prevalent eaneer in men. As a mle, prostatie ean- 
eer is a slow-growing, hidden eondition, but it ean 
also be a swift and deadly killer. ) 

Bulbourethral Glands 

The bulbourethral glands are tiny, pea-sized 
glands inferior to the prostate gland. They pro- 
duce a thiek, elear mucus that drains into the 
penile urethra. This seeretion is the first to pass 
down the urethra when a man beeomes sexually 
excited. It eleanses the urethra of traees of aeidie 
urine prior to ejaculation, and it serves as a lubri- 
eant during sexual intercourse. 

Semen 

Semen is a milky white, somewhat stieky mix- 
ture of sperm and aeeessory gland seeretions. 
The liquid portion aets as a transport medium 
for nutrients and ehemieals that proteet the 
sperm and aid their movement. Mature sperm 
eells are streamlined cellular “missiles” eontain- 
ing little eytoplasm or stored nutrients. The fruc- 
tose in the seminal vesiele seeretion provides 
essentially all of their energy fuel. The relative 
alkalinity of semen as a whole (pH 7.2-7.6) 
helps neutralize the aeidie environment (pH 
3.5-4) of the female’s vagina, proteeting the deli- 
eate sperm. Sperm are very sluggish under aeidie 
eonditions (below pH 6). Semen also eontains 
antibiotie ehemieals that destroy eertain baeteria, 
the hormone relaxin, eertain enzymes that 
enhanee sperm motility, and substances that 
inhibit an immune response in the female repro- 
ductive traet. 

Semen also dilutes sperm; without such dilu- 
tion, sperm motility is severely impaired. The 
amount of semen propelled out of the male duct 
system during ejaculation is relatively small, 
only 2 to 5 ml (about a teaspoonful), but there 
are between 50 and 150 million sperm in eaeh 
milliliter. 


HOMEOSTATie IMBALANCE 

Male infertility may be caused by 
obstmetions of the duct system, hormonal imbal- 
anees, environmental estrogens, pestieides, exces- 
sive aleohol, and many other faetors. One of the first 
series of tests done when a couple has been unable 
to eoneeive is semen analysis. Faetors analyzed 
include sperm count, motility and morphology 
(shape and maturity), and semen volume, pH, and 
fmetose eontent. A sperm count lower than 20 mil- 
lion per milliliter makes impregnation improbable. ) 

External Genitalia 

The male external genitalia (jen"i-tal'e-ah) 
include the serotnm and the penis (see Figure 
16.2). The serotiim (skro'tum; “pouch”) is a 
divided sae of skin with sparse hairs that hangs 
outside the abdominal eavity, between the legs 
and at the root of the penis. Under normal eondi- 
tions, the scrotum hangs loosely from its attaeh- 
ments, providing the testes with a temperature that 
is below body temperature. This is a rather 
exposed loeation for a man’s testes, which eontain 
his entire genetie heritage, but apparently viable 
sperm eannot be produced at normal body tem- 
perature. The scrotum, which provides a tempera- 
ture about 3°C (5.4°F) lower, is neeessary for the 
production of healthy sperm. When the external 
temperature is very eold, the scrotum beeomes 
heavily wrinkled as it pulls the testes eloser to the 
warmth of the body wall. Thus, ehanges in serotal 
surface area ean maintain a temperature that 
favors viable sperm production. 

The penis (pe'nis; “tail”) is designed to deliver 
sperm into the female reproductive traet. The skin- 
eovered penis eonsists of a shaft, which ends in an 
enlarged tip, the glans penis. The skin eovering 
the penis is loose, and it folds downward to form a 
cuff of skin, the prepuce (pre'pus), or foreskin, 
around the proximal end of the glans. Frequently, 
the foreskin is surgically removed shortly after birth, 
by a procedure ealled circumcision. 

Internally, the spongy urethra (see Figure 16.2) 
is surrounded by three elongated areas of ereetile 
tissue, a spongy tissue that fills with blood during 
sexual excitement. This causes the penis to 
enlarge and beeome rigid. This event, ealled 
ereetion, helps the penis serve as a penetrating 
organ to deliver the semen into the female’s repro- 
ductive traet. 
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Figure 1 6.3 Spermatogenesis. Flovvehart shovving 
the relative position of the spermatogenie eells in the wall 
of the seminiferous tubule. Although the stem eells and 
the primary spermatoeytes have the same number of 
ehromosomes (46, designated as 2rì) as other body 
eells, the products of meiosis (spermatids and sperm) 
have only half as many (23, designated as n). 


DID YOU GET IT r 

4. What is the function of the ereetile tissue of the penis? 

5. What is an important function of eaeh of the two 
eomponents of semen—sperm and seminal fluid? 

6 . Adolph, a 68-year-old gentleman, has trouble 
urinating and is given a reetal exam. What is his most 
probable eondition, and what is the purpose of the 
reetal exam? 

For answers, see Appendix D. 

Male Reproductive 

Functions 

Define spermatogenesis and meiosis. 

Deseribe the structure of a sperm, and relate its 
structure to its function. 

Deseribe the effeet of FSH and LH on testis 
functioning. 

The ehief role of the male in the reproductive 
proeess is to produce sperm and the hormone 
testosterone. These proeesses are deseribed next. 

Spermatogenesis 

Sperm production, or spermatogenesis (sper"mah- 
to-jen'é-sis), begins during puberty and continues 
throughout life. Every day a man makes millions of 
sperm. Only one sperm fertilizes an egg, so it seems 
that nature has made sure that the human speeies 
will not be endangered for laek of sperm. 

Sperm are formed in the seminiferous tubules 
of the testis, as noted earlier. As shown in Figure 
16.3, the proeess is begun by primitive stem eells 
ealled spermatogonia (sper "mah-to-go' ne-ah), 
found in the outer edge, or periphery, of eaeh 
tubule. Spermatogonia go through rapid mitotie 
divisions to build up the stem eell line. From birth 
until puberty, all such divisions simply produce 
more stem eells. During puberty, however, folliele- 
stimiilating hormone (FSH) is seereted in inereasing 
amounts by the anterior pituitary gland, and, from 
this time on, eaeh division of a spermatogonium 
produces one stem eell, ealled a type A danghter 
eell, and another eell, ealled a type B daughter eell. 
The type A eell remains at the tubule periphery to 
maintain the stem eell population. The type B eell 
gets pushed toward the tubule lumen, where it 
beeomes a primary spermatoeyte, destined to 
undergo meiosis (mi-o'sis) and form four sperm. 
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Meiosis is a speeial type of nuclear division 
that occurs for the most part only in the gonads 
(testes and ovaries). It differs from mitosis 
(deseribed in ehapter 3) in two major ways. 
Meiosis eonsists of two successive divisions of 
the nucleus (ealled meiosis I and II), instead 
of only one division. It results in four (instead of 
two) daughter eells, or more preeisely, four 
gametes. 

In spermatogenesis, the gametes are ealled 
spermatids (sper'mah-tidz). Spermatids have 
only half as much genetie material as other body 
eells. In humans, this is 23 ehromosomes (or the 
so-ealled n number of ehromosomes) rather than 
the usual 46 (2 n). Then, when the sperm and the 
egg (which also has 23 ehromosomes) unite, form- 
ing the fertilized egg, or zygote, the normal 2 n 
number of 46 ehromosomes is reestablished and is 
maintained in subsequent body eells by the 
proeess of mitosis (Figure 16.4). 

As meiosis occurs, the dividing eells (primary 
and then seeondary spermatoeytes) are pushed 
toward the lumen of the tubule. Thus, we ean 
follow the progress of meiosis from the tubule 
periphery to the lumen. The spermatids, pro- 
duced by meiosis, are not functional sperm. 
They are nonmotile and have too much excess 
baggage to function well in reproduction. They 
must undergo further ehanges, in which their 
excess eytoplasm is stripped away and a tail is 
formed (see Figure 16.3). In this last stage of 
sperm development, ealled spermiogenesis 
(sper"me-o-gen'é-sis), all the excess eytoplasm 
is sloughed off, and what remains is eompaeted 
into the three regions of the mature sperm—the 
head, midpieee, and tail (Figure 16.5). The 
mature sperm is a greatly streamlined eell 
equipped with a high rate of metabolism and a 
means of propelling itself, enabling it to move 
long distanees in a short time to get to the egg. 
It is a prime example of the fit between form 
and function. 

Sperm “paek” light. The sperm head eontains 
eompaeted DNA, the genetie material. 
Essentially, it is the nucleus of the spermatid. 
Anterior to the nucleus is the helmetlike 
aerosome (ak'ro-sóm), which is produced by 
the Golgi apparatus and is similar to a large lyso- 
some. When a sperm eomes into elose eontaet 
with an egg (or more preeisely, an ooeyte ), the 
aerosomal membrane breaks down and releases 


Gametes (n = 23) 



Figure 16.4 The human life eyele. 


enzymes that help the sperm penetrate through 
the capsule of folliele eells that surround the 
egg. Filaments, which form the long tail, arise 
from eentrioles in the midpieee. Mitoehondria 
wrapped tightly around these filaments provide 
the ATP needed for the whiplike movements of the 
tail that propel the sperm along its way in the 
female reproductive traet. 

The entire proeess from the formation of a pri- 
mary spermatoeyte to release of immature sperm 
in the tubule lumen takes 64 to 72 days. But 
sperm in the lumen are still unable to “swim” and 
are ineapable of fertilizing an egg. They are 
moved by peristalsis through the tubules of the 
testes into the epididymis. There they undergo fur- 
ther maturation, which results in inereased motility 
and fertilizing power. 

^ HOMEOSTATIC IMBALANCE 

Environmental threats ean alter the 
normal proeess of sperm formation. For example, 
some eommon antibioties, such as penieillin and 
tetraeyeline, may suppress sperm formation. 
Radiation, lead, eertain pestieides, marijuana, 
tobaeeo, and excessive aleohol ean cause produc- 
tion of abnormal sperm (two-headed, multiple- 
tailed, and so on). ) 
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What is the importanee of the mitoehondria in the sperm midpieee? 




Plasma membrane 


Neek 



(b) 


Figure 16-5 Structure of sperm. (a) Seanning eleetron mierograph of mature 
sperm (1125x). (b) Diagrammatie view of a sperm. 


Testosterone Production 

As noted earlier, the interstitial eells produce 
testosterone (tes-tos'té-rón), the most impor- 
tant hormonal product of the testes. During 
puberty, as the seminiferous tubules are being 
prodded by FSH to produce sperm, the interstitial 
eells are being aetivated by luteinizing hor- 
mone (LH), which is also released by the ante- 
rior pituitary gland (Figure 16.6). From this time 
on, testosterone is produced continuously (more 
or less) for the rest of a man’s life. The rising 
blood level of testosterone in the young man 
stimulates the adoleseent growth spurt, prompts 
his reproductive organs to develop to their adult 
size, underlies the sex drive, and causes the see- 
ondary male sex eharaeteristies to appear. 
Seeondary sex eharaeteristies are features 
induced in nonreproductive organs by sex hor- 
mones. Male seeondary sex eharaeteristies 
include the following: 

H: 


• Deepening of the voiee as the larynx enlarges 

• Inereased hair growth all over the body, and 
particularly in the axillary and pubic regions 
and on the faee (the beard and mustache) 

• Enlargement of skeletal muscles to produce the 
heavier muscle mass typieal of the male 
physique 

• Inereased heaviness of the skeleton due to 
bone growth and inerease in density 

Because testosterone is responsible for the appear- 
anee of these typieal masculine eharaeteristies, it is 
often referred to as the a masculinizing” hormone. 

HOMEOSTATIC IMBALANOE 

If testosterone is not produced, the 
seeondary sex eharaeteristies never appear in the 
young man, and his other reproductive organs 
remain ehildlike. This is sexual infantilism. 
Castration of the adult male (or the inability of 
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What is the effeet ofnegative feedbaek of testosterone on anterior 
m pituitary and hypothalamie eells? 
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(T)The hypothalamus releases 
gonadotropin-releasing hormone 
(GnRH). 

(2)GnRH stimulates the anterior 
pituitary to release gonadotropins 
—FSH and LH. 

d)FSH stimulates spermatogenie 
eells to produce sperm. 

(4) LH stimulates the interstitial 
eells to release testosterone, 
which serves as the final trigger 
for spermatogenesis. 

Testosterone then enhanees 
spermatogenesis. 

(5) Rising level of testosterone 
exerts feedbaek inhibition on the 
hypothalamus and pituitary. 
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Figure 1 6.6 Hormonal eontrol of the testis. 
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Growing follieles 
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Figure 16.7 Sagittal view of a human ovary showing the developmental 
stages of an ovarian folliele. 


his interstitial eells to produce testosterone) 
results in a deerease in the size and function of 
his reproductive organs, as well as a deerease in 
his sex drive. Sterility also occurs because 
testosterone is neeessary for the final stages of 
sperm production. ) 


DfD YOU GET IT 



7. Which pituitary hormone stimulates spermatogenesis? 

8 . How does the final product of meiosis differ from the 
final product of mitosis? 

9. How are nonmotile spermatids eonverted to functional 
sperm? 

10. Which pituitary hormone prompts testosterone 
production? 

For ansvvers, see Appendix D. 


Define endometrium, myometrium, and ovulation. 

indieate the loeation of the following regions of the 
female uterus: cervix, fundus, body. 

The reproductive role of the female is much more 
complex than that of the male. Not only must she 
produce the female gametes (ova), but her body 
must also nurture and proteet a developing fetus 
during 9 months of pregnaney. Ovaries are the 
primary female reproductive organs. Like the 
testes, ovaries produce both an exocrine product 
(eggs, or ova) and endoerine products (estrogens 
and progesterone). The other organs of the 
female reproductive system serve as aeeessory 
structures to transport, nurture, or otherwise serve 
the needs of the reproductive eells and/or the 
developing fetus. 


Anatomy of the Female 

Reproductive System 

✓ When provided with an appropriate model or diagram, 
identify the organs of the female reproductive system, 
and discuss the general function of eaeh. 

✓ Deseribe the functions of the vesicular folliele and 
corpus luteum of the ovary. 


Ovaries 

The paired ovaries (o'vah-réz) are pretty much the 
shape of almonds but are nearly twice as large. An 
internal view of an ovary reveals many tiny saelike 
structures ealled ovarian follieles (Figure 16.7). 
Eaeh folliele eonsists of an immature egg, ealled 
an ooeyte (o'o-sit; oo = egg), surrounded by one 
or more layers of very different eells ealled 
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folliele eells. As a developing egg within a folli- 
ele begins to ripen or mature, the folliele enlarges 
and develops a fluid-filled eentral region ealled an 
antrum. At this stage, the folliele, ealled a 
vesicular, or Graafìan (graf'e-an), folliele, is 
mature, and the developing egg is ready to be 
ejeeted from the ovary, an event ealled ovulation. 
After ovulation, the ruptured folliele is transformed 
into a very different-looking structure ealled a 
corpus luteum (kor'pus lu'te-um; “yell° w 
body”), which eventually degenerates. Ovulation 
generally occurs every 28 days, but it ean occur 
more or less frequently in some women. In older 
women, the surfaces of the ovaries are searred and 
pitted, which attests to the faet that many eggs 
have been released. 

The ovaries are secured to the lateral walls of 
the pelvis by the suspensory ligaments. They 
flank the uterus laterally and anehor to it medially 
by the ovarian ligaments (Figure 16.8). In 

between, they are enelosed and held in plaee by a 
fold of peritoneum, the broad ligament. 

Duct System 

The uterine tubes, uterus, and vagina form the 
duct system of the female reproductive traet (see 
Figure 16.8). 

Llterine (Fallopian) Tubes 

The uterine (u'ter-in), or fallopian (fal-lo'pe-an), 
tubes form the initial part of the duct system. 
They reeeive the ovulated ooeyte and provide a 
site where fertilization ean occur. Eaeh of the uter- 
ine tubes is about 10 em (4 inehes) long and 
extends medially from an ovary to empty into 
the superior region of the uterus. Like the ovaries, 
the uterine tubes are enelosed and supported by the 
broad ligament. 

Unlike in the male duct system, which is eon- 
tinuous with the tubule system of the testes, there 
is little or no actual eontaet between the uterine 
tubes and the ovaries. The distal end of eaeh uter- 
ine tube expands as the funnel-shaped 
infundibulum, which has fingerlike projeetions 
ealled fìmbriae (fim'bre-e) that partially surround 
the ovaiy. As an ooeyte is expelled from an ovary 
during ovulation, the waving fimbriae ereate fluid 
currents that aet to earry the ooeyte into the uter- 
ine tube, where it begins its journey toward the 
uterus. (Many potential eggs, however, are lost in 


the peritoneal eavity.) The ooeyte is earried 
toward the uterus by a eombination of peristalsis 
and the rhythmie beating of eilia. 

Because the journey to the uterus takes 3 to 4 
days and the ooeyte is viable for up to 24 hours 
after ovulation, the usual site of fertilization is the 
uterine tube. To reaeh the ooeyte, the sperm must 
swim upward through the vagina and uterus to 
reaeh the uterine tubes. Because they must swim 
against the downward current ereated by the eilia, 
it is rather like swimming against the tide! 

HOMEOSTATIC IMBALANOE 

The faet that the uterine tubes are not 
continuous distally with the ovaries plaees women 
at risk for infeetions spreading into the peritoneal 
eavity from the reproductive traet. Gonorrhea 
(gon "o-re' ah) and other sexually transmitted bae- 
teria sometimes infeet the peritoneal eavity in this 
way, causing an extremely severe inflammation 
ealled pelvie inflammatory disease (PID). 
Unless treated promptly, PID ean cause searring 
and closure of the narrow uterine tubes, which is 
one of the major causes of female infertility. ) 

Uterus 

The uterus (u'ter-us; “womb”), loeated in the 

pelvis between the urinary bladder and rectum, is 
a hollow organ that functions to reeeive, retain, 
and nourish a fertilized egg. In a woman who has 
never been pregnant, it is about the size and shape 
of a pear. (During pregnaney, the uterus inereases 
tremendously in size and ean be felt well above 
the umbilicus during the latter part of pregnaney.) 
The uterus is suspended in the pelvis by the broad 
ligament and anehored anteriorly and posteriorly 
by the round and uterosacral ligaments, respee- 
tively (see Figure 16.8). 

The major portion of the uterus is referred to 
as the body. Its superior rounded region above 
the entranee of the uterine tubes is the fundus, 
and its narrow outlet, which protmdes into the 
vagina below, is the cervix. 

The wall of the uterus is thiek and eomposed 
of three layers. The inner layer or mucosa is the 
endometrium (en-do-me'tre-um). If fertilization 
occurs, the fertilized egg (actually the young 
embryo by the time it reaehes the uterus) burrows 
into the endometrium (in a proeess ealled 
implantation) and resides there for the rest of its 
development. When a woman is not pregnant, the 
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Figure 16.8 The human female reproductive organs. (a) Sagittal seetion. (The 
plurals of labium minus and majus are labia minora and majora, respeetively.) (b) Posterior 
view. The posterior organ walls have been removed on the right side to reveal the shape of 
the lumen of the uterine tube, uterus, and vagina. 
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endometrial lining sloughs off periodieally, usually 
about every 28 days, in response to ehanges in the 
levels of ovarian hormones in the blood. We dis- 
cuss this proeess, ealled menstmation or menses, 

on pp. 554-556. 

HOMEOSTATIC IMBALANCE 

Cancer of the cervix is eommon 
among women between the ages of 30 and 50. 
Risk faetors include frequent eervieal inflamma- 
tion, sexually transmitted diseases, multiple preg- 
naneies, and many sexual partners. A yearly Pap 
smear is the single most important diagnostie test 
for deteeting this slow-growing eaneer. When 
results are inconclusive, a test for the sexually 
transmitted human papillomavims (HPV), the 
cause of most eervieal eaneer, ean be done from 
the same Pap sample or from a blood sample. 

Gardasil, a three-dose vaeeine that provides 
proteetion from HPV-induced eervieal eaneer, is 
the latest addition to the offieial ehildhood immu- 
nization schedule. It is reeommended for all 11- and 
12-year-old girls. In unexposed girls, the vaeeine 
speeifieally bloeks two cancer-causing kinds of 
HPV as well as two additional types which are not 
assoeiated with eervieal eaneer. Whether or not this 
vaeeine will beeome a requirement for sehool is 
presently deeided on a state-to-state basis. ) 

The myometriiim (mi-o-me' tre-um), eomposed 
of interlaeing bundles of smooth muscle, is the bulky 
middle layer of the utems (see Figure l6.8b). The 
myometrium plays an aetive role during the delivery 
of a baby, when it eontraets rhythmieally to foree the 
baby out of the mother’s body. The outermost 
serous layer of the utems is the perimetrium (per-i- 
me'tre-um), or the viseeral peritoneum. 

Vagina 

The vagina (vah-ji'nah) is a thin-walled tube 8 to 
10 em (3 to 4 inehes) long. It lies between the 
bladder and rectum and extends from the cervix 
to the body exterior (see Figure 16.8). Often ealled 
the birth eanal, the vagina provides a passageway 
for the delivery of an infant and for the menstmal 
flow to leave the body. Because it reeeives the 
penis (and semen) during sexual intercourse, it is 
the female organ of copulation. 

The distal end of the vagina is partially elosed 
by a thin fold of the mucosa ealled the hymen 
(hi'men). The hymen is very vascular and tends to 
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Figure 1 6.9 External genitalia of the human 
female. 


bleed when it is ruptured during the first sexual 
intercourse. However, its durability varies. In some 
women, it is torn during a sports aetivity, tampon 
insertion, or pelvie examination. Oeeasionally, it is 
so tough that it must be ruptured surgically if 
intercourse is to occur. 

External Genitalia and Female 
Perineum 

The female reproductive structures that are loeated 
external to the vagina are the external genitalia 
(Figure 16.9). The external genitalia, also ealled 
the vulva, include the mons pubis, labia, elitoris, 
urethral and vaginal orifiees, and greater vestibu- 
lar glands. 

The mons pubis ( a mountain on the pubis”) is 
a fatty, rounded area overlying the pubic symph- 
ysis. After puberty, this area is eovered with pubic 
hair. Running posteriorly from the mons pubis are 
two elongated hair-eovered skin folds, the labia 
majora (la'be-ah ma-jo'ra), which enelose two 
delieate, hair-free folds, the labia minora. 
The labia majora enelose a region ealled the 
vestibule, which eontains the external openings 
of the urethra,* followed posteriorly by that of the 


*The male urethra earries both urine and semen, but the 
female urethra has no reproductive frinetion—it is strietly a 
passageway for ririne. 
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vagina. A pair of mucus-producing glands, the 
greater vestibular glands, flank the vagina, one 
on eaeh side (see Figure l6.8a). Their seeretion 
lubricates the distal end of the vagina during inter- 
course. 

Just anterior to the vestibule is the elitoris 
(kli'to-ris; “hill”), a small, protmding structure that 
eorresponds to the male penis. Like the penis, it is 
hooded by a prepuce and is eomposed of sensi- 
tive ereetile tissue that beeomes swollen with 
blood during sexual excitement. The elitoris differs 
from the penis in that it laeks a reproductive duct. 
The diamond-shaped region between the anterior 
end of the labial folds, the anus posteriorly, and 
the isehial tuberosities laterally is the perineum 
(per"ì-ne'um). 

DID YOU GET IT 

11. What is the exocrine product of the ovary? 

12. Which organ of the female duct system serves as an 
“incubator” for fetal development? What is the most 
eommon site of fertilization? 

13. What name is given to an ovarian folliele that is ready 
or nearly ready to ovulate? 

For answers, see Appendix D. 

Female Reproductive 
Functions and Cycles 

As deseribed earlier, sperm production begins at 
puberty and generally continues throughout life. 
The situation is quite different in women. 
Traditionally, it has been assumed that the total 
supply of eggs that a female ean release is already 
determined by the time she is born. In addition, 
a female’s reproductive ability (that is, her ability 
to release eggs) usually begins during puberty 
and ends in her fifties or before. The period in 
which a woman’s reproductive eapability gradually 
deelines and then finally ends is ealled menopemse 

(see pp. 569 and 572). 

Oogenesis and the Ovarian Cycle 

Define oogenesis. 

Deseribe the influence of FSH and LH on ovarian 
function. 

Meiosis, the speeial kind of eell division that 
occurs in the testes to produce sperm, also occurs 


in the ovaries. But in this ease, ova or female 
gametes are produced, and the proeess is ealled 
oogenesis (o"o-jen'é-sis; a the beginning of an 
egg”). This proeess is shown in Figure 16.10 and 
deseribed in more detail next. 

In the developing female fetus, oogonia (o"o- 
go'ne-ah), the female stem eells, multiply rapidly to 
inerease their number, and then their daughter 
eells, primary ooeytes, push into the ovary eon- 
neetive tissue, where they beeome surrounded by a 
single layer of eells to form the primary follieles . By 
birth, the oogonia no longer exist,* and a female’s 
lifetime supply of primary ooeytes (approximately 
2 million of them) is already in plaee in the ovarian 
follieles, awaiting the ehanee to undergo meiosis to 
produce functional eggs. Because the primary 
ooeytes remain in this state of suspended animation 
all through ehildhood, their wait is a long one— 
10 to 14 years at the very least. 

At puberty, the anterior pituitary gland begins 
to release follicle-stimulating hormone (FSH), 
which stimulates a small number of primary folli- 
eles to grow and mature eaeh month, and ovula- 
tion begins to occur eaeh month. These eyelie 
ehanges that occur monthly in the ovary constitute 
the ovarian eyele. At puberty, perhaps 250,000 
ooeytes remain; and, beginning at this time, a 
small number of ooeytes are aetivated eaeh 
month. The reproductive life of a female is at best 
about 40 years (from the age of 11 to approxi- 
mately 51), and there is typieally only one ovula- 
tion per month; therefore, fewer than 500 ova out 
of her potential of 250,000 are released during a 
woman’s lifetime. Again, nature has provided us 
with a generous oversupply of sex eells. 

As a folliele prodded by FSH grows larger, it 
accumulates fluid in the eentral ehamber ealled 
the antrnm (see Figure 16.7), and the primary 
ooeyte it eontains replieates its ehromosomes and 
begins meiosis. The first meiotie division produces 
two eells that are very dissimilar in size (see Figure 
16.10). The larger eell is a seeondary ooeyte and 
the other, very tiny eell is a polar body. By the 
time a folliele has ripened to the mature ( vesienlar 
folliele ) stage, it eontains a seeondary ooeyte and 
protmdes like an angry boil from the external 


*A reeent study in miee indieated that germ stem eells are 
alive and exist in adult females. However, more studies are 
needed to overturn the “no new eggs” theory. 
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Figure 16.10 Events of oogenesis. Left, flowchart of meiotie events. Right, 
eorrelation with follicular development and ovulation in the ovary. 


surface of the ovary. Folliele development to this 
stage takes about 14 days, and ovulation (of a see- 
ondary ooeyte) occurs at just about that time in 
response to the burstlike release of a seeond ante- 
rior pituitary hormone, Inteinizing hormone (LH). 
As shown in Figure 16.11 and Figures 16.7 and 
16.10, the ovulated seeondary ooeyte is still sur- 
rounded by its folliele-eell capsule, now ealled the 
eorona radiata (“radiating crown”). 

Some women experience a twinge of abdomi- 
nal pain in the lower abdomen when ovulation 


occurs. This phenomenon, ealled mittelsehmerz 
(mit'el-shmàrts; German for “middle pain”), is 
caused by the intense stretehing of the ovarian 
wall during ovulation. 

Generally speaking, one of the developing fol- 
lieles outstrips the others eaeh month to beeome 
the dominant folliele. Just how this folliele is 
seleeted or seleets itself is not understood, but the 
folliele that is at the proper stage of maturity when 
the LH stimulus occurs ruptures and releases its 
ooeyte into the peritoneal eavity. The mature follieles 
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Figure 16-11 Ovulation. A seeondary ooeyte is 
released from a folliele at the surface of the ovary. The 
orange mass belovv the ejeeted ooeyte is part of the 
ovary. The “halo” of folliele eells around the seeondary 
ooeyte is the eorona radiata. 


that are not ovulated soon beeome overripe and 
deteriorate. In addition to triggering ovulation, LH 
also causes the ruptured folliele to ehange into a 
very different glandular structure, the eorpns 
luteum. (Both the maturing follieles and the eor- 
pus luteum produce hormones, as we will de- 
seribe later.) 

If the ovulated seeondary ooeyte is penetrated 
by a sperm in one of the uterine tubes, the ooeyte 
undergoes the seeond meiotie division that pro- 
duces another polar body and the ovum. Onee 
the ovum is formed, its 23 ehromosomes are eom- 
bined with those of the sperm to form the fertil- 
ized egg, which is the first eell of the yet-to-be 
offspring. However, if the seeondary ooeyte is not 
penetrated by a sperm, it simply deteriorates with- 
out ever eompleting meiosis to form a functional 
egg. Although meiosis in males results in four 
functional sperm, meiosis in females yields only 
one functional ovum and three tiny polar bodies. 
The polar bodies have essentially no eytoplasm, 
so they deteriorate and die quickly. 

Another major differenee between men and 
women eoneerns the size and structure of their 
sex eells. Sperm are tiny and equipped with tails 
for loeomotion. They have little nutrient-containing 
eytoplasm; thus, the nutrients in seminal fluid are 
vital to their survival. In eontrast, the egg is a 
large, nonmotile eell, well stoeked with nutrient 


reserves that nourish the developing embryo until 
it ean take up residenee in the uterus. 


DID YOU GET IT 



14. Besides the one fiinetional gamete (ovum), what other 
eell types are produced during oogenesis, and what 
happens to them? 

15. VVhieh anterior pituitary hormone promotes folliele 
development in the ovary? 

16. VVhieh anterior pituitary hormone causes ovulation? 

For answers, see Appendix D. 


llterine (Menstmal) Cycle 

,Z Deseribe the phases and eontrols of the menstmal 
eyele. 

Although the young embryo implants and devel- 
ops in the uterus, this organ is reeeptive to implan- 
tation only for a very short period eaeh month. Not 
smprisingly, this brief interval eoineides exactly 
with the time when a fertilized egg would begin to 
implant, approximately 7 days after ovulation. The 
events of the uterine, or menstmal, eyele are the 
eyelie ehanges that the endometrium, or mucosa of 
the uterus, goes through month after month as it 
responds to ehanges in the levels of ovarian hor- 
mones in the blood. 

The eyelie production of estrogens and pro- 
gesterone by the ovaries is, in turn, regulated by 
the anterior pituitary gonadotropie hormones, FSH 
and LH. It is important to understand how these 
“hormonal pieees” fit together. Generally speaking, 
both female eyeles (the ovarian and the uterine 
eyeles) are about 28 days long (a period eom- 
monly ealled a lunar month). Ovulation typieally 
occurs midway in the eyeles, on or about day 14. 
Figure 16.12 illustrates the events occurring both 
in the ovary (the ovarian eyele) and in the uterus 
(menstmal eyele) at the same time. We deseribe 
the three stages of the menstmal eyele next. 

• Days 1-5: Menstmal phase. During this inter- 
val, the superficial functional layer of the thiek 
endometrial lining of the utems is sloughing off 
(detaehing) from the uterine wall. This is aeeom- 
panied by bleeding for 3 to 5 days. The 
detaehed tissues and blood pass through the 
vagina as the menstmal flow. The average blood 
loss dming this period is 50 to 150 ml (or about 
h to h cup). By day 5, growing ovarian follieles 
are beginning to produce more estrogen. 
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(a) Fluctuation of gonadotropin levels: 

Fluctuating levels of pituitary gonadotropins 
(FSH and LH) in the blood regulate the 
events of the ovarian eyele. 



<§> 


Primary SeeondaryVesicular Ovulation Corpus Degenerating 
folliele folliele folliele luteum corpus luteum 


—i-f-1— 

Follicular Ovulation Luteal 

phase (Day 14) P hase 


(b) Ovarian eyele: Structural ehanges in the 
ovarian follieles during the ovarian eyele 
are eorrelated with (d) ehanges in the 
endometrium of the uterus during the 
uterine eyele. 



(e) Fluctuation of ovarian hormone levels: 

Fluctuating levels of ovarian hormones 
(estrogens and progesterone) cause the 
endometrial ehanges of the uterine eyele. 
The high estrogen levels are also 
responsible for the LH/FSH surge in (a). 
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Menstmal 
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(d) The three phases of the uterine eyele: 

• Menstmal: Shedding of the functional 
layer of the endometrium. 

• Proliferative: Rebuilding of the functional 
layer of the endometrium. 

• Seeretory: Begins immediately after 
ovulation. Enriehment of the blood supply 
and glandular seeretion of nutrients 
prepare the endometrium to reeeive an 
embryo. 


The menstmal and proliferative phases occur 
before ovulation, and together eorrespond to 
the follicular phase of the ovarian eyele. The 
seeretory phase eorresponds in time to the 
luteal phase of the ovarian eyele. 


Figure 16.12 Hormonal interaetions of the female eyeles. 

Relative levels of anterior pituitary gonadotropins eorrelated with 
hormonal and follicular ehanges of the ovary and with the menstmal eyele. 
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• Days 6-14: Proliferative phase. Stimulated 

by rising estrogen levels produced by the 
growing follieles of the ovaries, the basal layer 
of the endometrium regenerates the functional 
layer, glands form in it, and the endometrial 
blood supply inereases. The endometrium 
onee again beeomes velvety, thiek, and well 
vascularized. (Ovulation occurs in the ovary at 
the end of this stage, in response to the sudden 
surge of LH in the blood.) 

• Days 15-28: Seeretory phase. Rising levels of 
progesterone production by the corpus luteum 
of the ovary aet on the estrogen-primed 
endometrium and inerease its blood supply even 
more. Progesterone also causes the endometrial 
glands to inerease in size and to begin seereting 
nutrients into the uterine eavity. These nutrients 
will sustain a developing embryo (if one is pres- 
ent) until it has implanted. If fertilization does 
occur, the embryo produces a hormone very 
similar to LH that causes the corpus luteum to 
continue producing its hormones. 

If fertilization does not occur, the corpus 
luteum begins to degenerate toward the end of 
this period as LH blood levels deeline. Laek of 
ovarian hormones in the blood causes the 
blood vessels supplying the functional layer of 
the endometrium to go into spasms and kink. 
When deprived of oxygen and nutrients, those 
endometrial eells begin to die, which sets the 
stage for menses to begin again on day 28. 

Although this explanation assumes a elassie 28- 
day eyele, the length of the menstmal eyele is quite 
variable. It ean be as short as 21 days or as long as 
40 days. Only one interval is fairly eonstant in all 
females; the time from ovulation to the beginning 
of menses is almost always 14 or 15 days. 

Hormone Production by the Ovaries 

As the ovaries beeome aetive at puberty and start 
to produce ova, they also begin to produce ovar- 
ian hormones. The folliele eells of the growing 
and mature follieles produce estrogens,* which 
cause the appearanee of the seeondary sex 


*Although the ovaries produce several different estrogens, 
the most important are estradiol , estrone , and estriol. Of 
these, estradiol is the most abundant and is most responsible 
for estrogenie effeets. 


eharaeteristies in the young woman. Such ehanges 
include the following: 

• Enlargement of the aeeessory organs of the 
female reproductive system (uterine tubes, 
uterus, vagina, external genitals) 

• Development of the breasts 

• Appearanee of axillary and pubic hair 

• Inereased deposits of fat beneath the skin in 
general, and particularly in the hips and breasts 

• Widening and lightening of the pelvis 

• Onset of menses, or the menstmal eyele 

Beyond its promotion of seeondary sex eharaeter- 
isties, estrogen also has metabolie effeets. For 
example, it helps maintain low total blood eholes- 
terol levels (and high HDL levels) and faeilitates 
calcium uptake, which sustains bone density. 

The seeond ovarian hormone, progesterone, 
is produced by the glandular corpus luteum (see 
Figure 16.7). As mentioned earlier, after ovulation 
occurs the ruptured folliele is eonverted to the eor- 
pus luteum, which looks and aets eompletely dif- 
ferent from the growing and mature folliele. Onee 
formed, the corpus luteum produces progesterone 
(and some estrogen) as long as LH is still present 
in the blood. Generally speaking, the corpus 
luteum stops producing hormones by 10 to 14 
days after ovulation. Except for working with 
estrogen to establish the menstmal eyele, proges- 
terone does not contribute to the appearanee of 
the seeondary sex eharaeteristies. Its other major 
effeets are exerted during pregnaney, when it 
helps maintain the pregnaney by inhibiting eon- 
traetion of the myometrium of the uterus, and 
helps prepare the breasts for milk production. 
(However, the source of progesterone during 
pregnaney is the plaeenta, not the ovaries.) 

Mammary Glands 

Deseribe the structure and function of the mammary 
glands. 

The mammary glands are present in both sexes, 
but they normally function only in women. Because 
the biologieal role of the mammary glands is to pro- 
duce milk to nourish a newborn baby, they are actu- 
ally important only when reproduction has already 
been aeeomplished. Stimulation by female sex hor- 
mones, espeeially estrogens, causes the female 
mammary glands to inerease in size at puberty. 
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Flat-ehested women are perfeetly able to nurse their newborn infants; henee, it 
is not glandular tissue that accounts for the bulk of the breast tissue. So, 
whatdoes? 



Skin (cut) 


First rib 


Peetoralis major muscle 


Connective tissue 


suspensory ligament 


Adipose tissue 
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Nipple 

Opening of 
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Lactiferous duct 
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Hypodermis — 
(superficial faseia) 

intereostal muscles 


/ 






(a) (b) 

Figure 16.13 Female mammary glands. (a) Anterior view. 

(b) Sagittal seetion. 


Developmentally, the mammary glands are 
modified sweat glands that are part of the skin. 
Eaeh mammary gland is eontained within a 
rounded skin-eovered breast anterior to the pee- 
toral imiseles. Slightly below the eenter of eaeh 
breast is a pigmented area, the areola (ah-re'o- 
lah), which surrounds a eentral protmding 
nipple (Figure 16.13). 

Internally, eaeh mammaiy gland eonsists of 
15 to 25 lobes that radiate around the nipple. The 
lobes are padded and separated from one another 
by eonneetive tissue and fat. Within eaeh lobe are 
smaller ehambers ealled lobnles, which eontain 
clusters of alveolar glands that produce the milk 
when a woman is laetating (producing milk). The 
alveolar glands of eaeh lobule pass the milk into 
the lactiferous (lak-tif'er-us) ducts, which open 


to the outside at the nipple. Just deep to the areola, 
eaeh duct has a dilated region ealled a lactiferous 
sinus where milk accumulates during nursing. 

HOMEOSTATIC IMBALANOE 

Cancer of the breast is the seeond 
most eommon cause of death in Ameriean 
women. One woman in eight will develop this 
eondition. Some 10 pereent of breast eaneers stem 
from hereditary defeets, and half of these ean be 
traeed to dangerous mutations in a pair of genes 
(. BRCA1 and 2). Eighty pereent of women who 
earry the altered gene develop breast eaneer. With 
the possible exception of family history, most risk 
faetors refleet lifelong exposure to estrogen (early 
menses, late menopause, estrogen replaeement 
therapy, and others). 
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(a) Mammogram procedure 
Figure 16.14 Mammograms. 



(b) Film of normal breast (c) Film of breast wíth tumor 


Breast eaneer is often signaled by a ehange in 
skin texture, puckering, or leakage from the nipple. 
Early deteetion by breast self-examination and 
mammography is unquestionably the best way to 
inerease a woman’s ehanees of surviving breast ean- 
eer. Because most breast lumps are diseovered by 
women themselves in routine monthly breast exams, 
this simple examination should be a priority in every 
woman’s life. Currently the Ameriean Cancer Soeiety 
reeommends scheduling mammography —X-ray 
examination that deteets breast eaneers too small to 
feel (less than 1 em)—every 2 years for women 
between 40 and 49 years old and yearly thereafter 
(Figure 16-14). ) 


DID YOU GET IT 



17. VVhieh ovarian hormone ean be ealled a feminizing 
hormone because it promotes the formation of female 
seeondary sex eharaeteristies? 

18 . VVhat happens during the proliferative stage of the 
uterine eyele? 

19. VVhat are three important functions of progesterone in 
vvomen? 

20 . VVhy do mutations of the BRCA genes cause 
problems? 

For answers, see Appendix D. 


Pregnaney and Embryonie 
Development 

,x Define fertilization and zygote. 

Deseribe implantation. 


Distinguish betvveen an embryo and a fetus. 

List the major functions of the plaeenta. 

Because the birth of a baby is such a familiar 
event, we tend to lose sight of the wonder of this 
aeeomplishment. In every instanee it begins with a 
single eell, the fertilized egg, and ends with an 
extremely complex human being eonsisting of tril- 
lions of eells. The development of an embryo is 
very complex, and the details of this proeess ean 
fill a good-sized book. Our intention here is sim- 
ply to outline the important events of pregnaney 
and embryonie development. 

Let’s get started by defining some terms. The 
term pregnaney refers to events that occur from 
the time of fertilization (eoneeption) until the 
infant is born. The pregnant woman’s develop- 
ing offspring is ealled the conceptus (kon- 
sep-tus; “that which is eoneeived”). Development 
occurs during the gestation period (gestare = to 
earry), which extends by eonvention from the 
last menstmal period (a date the woman is likely 
to remember) until birth, approximately 280 
days. So, at the moment of fertilization, the 
mother is offieially (but illogieally) two weeks 
pregnant! 

From fertilization through week 8, the 
embryonie period , the conceptus is ealled an 
embryo, and from week 9 through birth, the fetal 
period , the conceptus is ealled a fetus (“the young 
in the womb”). At birth, it is an infant. Figure 
16.15 shows the ehanging size and shape of the 
conceptus as it progresses from fertilization to the 
early fetal stage. 
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Fertilization 



1-week 

conceptus 


Embryo 



3-week 5-week embryo 

embryo (10 mm) 

(3 mm) 



8-week embryo 
(22 mm) 



12-week fetus 
(90 mm) 

Figure 16.15 Diagrams showing the approximate size of a human conceptus 
from fertilization to the early fetal stage. Measurements are crown to rump length. 


Aeeomplishing Fertilization 

Before fertilization ean occur, the sperm must 
reaeh the ovulated seeondary ooeyte. The ooeyte 
is viable for 12 to 24 hours after it is east out 
of the ovary, and sperm generally retain their fer- 
tilizing power within the female reproductive 
traet for 24 to 48 hours after ejaculation. Con- 
sequently, for fertilization to occur, sexual inter- 
course must occur no more than 2 days before 
ovulation and no later than 24 hours after, at 
which point the ooeyte is approximately one- 
third of the way down the length of the uterine 
tube. Remember that sperm are motile eells that 
ean propel themselves by lashing movements of 
their tails. If sperm are deposited in a female’s 
vagina at the approximate time of ovulation, they 
are attraeted to the ooeyte by ehemieals that aet 
as “homing deviees,” allowing them to loeate the 
ooeyte. It takes 1 to 2 hours for sperm to eom- 
plete the journey up the female duct system into 
the uterine tubes even through they are only 
about 12 em (5 inehes) away. However, millions 


of sperm leak from the vagina, and of those 
remaining, millions more are destroyed by the 
vagina’s aeidie environment. Only a few hundred 
to a few thousand sperm finally make it to the 
egg’s vieinity. 

When the swarming sperm reaeh the ooeyte, 
their eell surface hyaluronidase enzymes break 
down the “eement” that holds the folliele eells of 
the eorona radiata together around the ooeyte. 
Onee a path has been eleared through the eorona, 
thousands of sperm undergo the aerosomal reae- 
tion in which the aerosome membranes break 
down, releasing enzymes that digest holes in the 
ooeyte membrane. Then, when the membrane is 
adequately weakened and a single sperm makes 
eontaet with the ooeyte’s membrane reeeptors, 
the head (nucleus) of the sperm is pulled into 
the ooeyte eytoplasm. This is one ease that does 
not bear out the adage “The early bird eatehes 
the worm” because sperm that are in the best posi- 
tion to be the fertilizing sperm are the ones that 
eome along after hundreds of sperm have under- 
gone aerosomal reaetions to expose the ooeyte 
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Why is the multicellular blastoeyst only sliahtly larger than the single-eell zygote? 


(a) Zygote 

(fertilized egg) 


(b) 4-eell stage (e) Momla 


2 days 


(a solid ball of 
blastomeres) 

3 days 


(d) Early blastoeyst 

Momla hollows out 
and fills with fluid. 


4 days 


(e) Implanting 
blastoeyst 

(Consists of a sphere 
of trophoblast eells 
and an eeeentrie 
eell cluster ealled 
the inner eell mass) 

7 days 


Fertilization 

(sperm 
meets and 
enters egg) 


Ooeyte 


Blastoeyst 

eavity 



egg 


Ovulation 


Figure 16.16 deavage is a rapid series of mitotie divisions that begins with 
the zygote and ends with the blastoeyst. The zygote begins to divide about 24 hours 
after fertilization and continues to divide rapidly (undergo eleavage) as it travels down the 
uterine tube. The embryo reaehes the uterus 3 to 4 days after ovulation and floats freely 
for another 2 to 3 days, nourished by seeretions of the endometrial glands. At the late 
blastoeyst stage, the embryo is implanting into the endometrium; this begins at about 
day 7 after ovulation. 


membrane. Onee a single sperm has penetrated the 
ooeyte, the ooeyte nucleus eompletes the seeond 
meiotie division, forming the ovum and a polar 
body. 

After sperm entry, ehanges occur in the fertil- 
ized egg to prevent other sperm from gaining entiy. 


In humans, of the millions of sperm ejaculated, 
only one ean penetrate an ooeyte. Fertilization 
occurs at the moment the genetie material of 
a sperm eombines with that of an ovum to form 
a fertilized egg, or zygote (zi'gòt). The zygote 
represents the first eell of the new individual. 
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Figure 16.17 Embryo of approximately 18 days. Embryonie membranes present. 


Events of Embryonie and Fetal 
Development 

As the zygote journeys down the uterine tube 
(propelled by peristalsis and eilia), it begins to 
undergo rapid mitotie eell divisions—forming first 
two eells, then four, and so on. This early stage 
of embryonie development, ealled eleavage, is 
shown in Figure 16.16. Because there is not much 
time for eell growth between divisions, the daugh- 
ter eells beeome smaller and smaller. Oeavage 
provides a large number of eells to serve as build- 
ing bloeks for eonstmeting the embryo. Consider 
for a moment how difficult it would be to eon- 
stmet a building from one huge bloek of granite. If 
you now eonsider how much easier your task 
would be if you could use hundreds of briek-size 
granite bloeks, you will quickly grasp the impor- 
tanee of eleavage. 

By the time the developing embryo reaehes 
the uterus (about 3 days after ovulation, or on day 
17 of the woman’s eyele), it is a morula, a tiny ball 
of 16 eells that looks like a mieroseopie raspberry. 
The uterine endometrium is still not fully prepared 
to reeeive the embryo at this point, so the embryo 
floats free in the uterine eavity, temporarily using 
the uterine seeretions for nutrition. While still 


unattached, the embryo continues to develop until 
it has about 100 eells, and then it hollows out 
to form a ball-like structure ealled either a 
blastoeyst (blas'to-sist) or a ehorionie (ko"re- 
on'ik) vesiele. At the same time, it seeretes an 
LH-like hormone ealled human ehorionie 
gonadotropin (hCG), which prods the corpus 
luteum of the ovary to continue producing its hor- 
mones. (If this were not the ease, the functional 
layer of the endometrium would be sloughing off 
shortly in menses.) Many home pregnaney tests 
assay for hCG in a woman’s urine. 

The blastoeyst has two important functional 
areas: the trophoblast, which forms the large 
fluid-filled sphere, and the inner eell mass, a 
small cluster of eells on one side (see Figure 
ló.lóe). By day 7 after ovulation, the blastoeyst 
has attaehed to the endometrium and has eroded 
away the lining in a small area, embedding itself 
in the thiek velvety mucosa. All of this is occur- 
ring even while development is continuing and 
the three primary germ layers are being formed 
from the inner eell mass (Figure 16.17). The 
primary germ layers are the eetoderm (which 
gives rise to the nervous system and the epi- 
dermis of the skin), the endoderm (which 
forms mucosae and assoeiated glands), and the 
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Amniotie sae IJmbilieal eord llmbilieal vein 



of ehorion 


Figure 16.18 The 7-week embryo. A 7-week 
embryo, eneased in its amniotie sae, and the ehorionie 
villi (to the right), which eooperate with maternal uterine 
tissues to form the plaeenta. 

mesoderm (which gives rise to virtually every- 
thing else). Implantation has usually been eom- 
pleted and the uterine mucosa has grown over the 
burrowed-in embryo by day 14 after ovulation— 


the day the woman would ordinarily be expect- 
ing to start menses. 

After it is securely implanted, the trophoblast 
part of the blastoeyst develops elaborate projee- 
tions, ealled ehorionie villi, which eombine 
with the tissues of the mother’s uterus to form 
the plaeenta (plah-sen'tah) (Figure 16.18). Onee 
the plaeenta has formed, the platelike embryonie 
body, now surrounded by a fluid-filled sae ealled 
the amnion (am'ne-on), is attaehed to the 
plaeenta by a blood vessel-eontaining stalk of 
tissue, the umbilical eord (Figures 16.17 and 
16.18). (We discussed the speeial features of the 
umbilical blood vessels and fetal circulation in 
ehapter 11.) 

Generally by the third week, the plaeenta is 
functioning to deliver nutrients and oxygen to 
and remove wastes from the embryonie blood. 
All exchanges are made through the plaeental 
barrier. By the end of the seeond month of preg- 
naney, the plaeenta has also beeome an 
endoerine organ and is producing estrogen, pro- 
gesterone, and other hormones that help to 
maintain the pregnaney. At this time, the corpus 
luteum of the ovary beeomes inaetive. 

By the eighth week of embryonie develop- 
ment, all the groundwork has been eompleted. 



(a) (b) 

Figure 16.19 Photographs of a developing fetus. (a) Fetus in month 3, about 
6 em (2.5 inehes) long. (b) Fetus late in month 5, about 19 em (8 inehes) long. 
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All the organ systems have been laid down, at 
least in mdimentary form, and the embryo looks 
distinetly human. Beginning in the ninth week of 
development, we refer to the embryo as a fetus. 
From this point on, the major aetivities are growth 
and organ speeialization, aeeompanied by 
ehanges in body proportions. During the fetal 
period, the developing fetus grows from a crown- 
to-rump length of about 3 cm (slightly more than 
1 ineh) and a weight of approximately 1 g (0.03 
ounce) to about 36 cm (14 inehes) and 2.7 to 4.1 kg 
(6 to 10 pounds) or more. (Total body length at 
birth is about 55 cm, or 22 inehes.) As you might 
expect with such tremendous growth, the 
ehanges in fetal appearanee are quite dramatie 
(Figure 16.19). The most signifieant of these 
ehanges are summarized in Table 16.1 (pp. 565-566). 
By approximately 270 days after fertilization (the 
end of the tenth lunar month), the fetus is said to 
be a full-term” and is ready to be born. 

DID YOU GET IT 

21 . How does eleavage differ from eell divisions occurring 
after birth? 

22 . VVhat are three roles of the plaeenta? 

For answers, see Appendix D. 


Effeets of Pregnaney on the Mother 

indieate several ways that pregnaney alters or 
modifies the functioning of the mother’s body. 

List several agents that ean interfere with normal fetal 
development. 

Pregnaney (the period from eoneeption to the 
birth of her baby) ean be a difficult time for the 
mother. Not only are there obvious anatomieal 
ehanges, but striking ehanges occur in her physi- 
ology as well. 

Anatomieal Ohanges 

The ability of the uterus to enlarge during preg- 
naney is nothing less than remarkable. Starting as a 
fist-sized organ, the uterus grows to occupy most 
of the pelvie eavity by 16 weeks. As pregnaney 
continues, the uterus pushes higher and higher 
into the abdominal eavity (Figure 16.20). As birth 
nears, the uterus reaehes the level of the xiphoid 
proeess and occupies the bulk of the abdominal 
eavity. The crowded abdominal organs press supe- 
riorly against the diaphragm, which intmdes on the 
thoraeie eavity. As a result, the ribs flare, causing 
the thorax to widen. 

The inereasing bulkiness of the abdomen 
ehanges the woman’s eenter of gravity, and 



(a) Before eoneeption 

(Uterus is the size of a fist 
and resides in the pelvis.) 


(b) 4 months 

(Fundus of the uterus 
is halfway between 
the pubic symphysis 
and the umbilicus.) 


(e) 7 months 

(Fundus is well above 
the umbilicus.) 


Figure 16.20 Relative size of the uterus before eoneeption and during 
pregnaney. 



(d) 9 months 

(Fundus reaehes 
the xiphoid 
proeess.) 
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Table 16.1 Development of the Human Fetus 


Time Changes/accomplishments 


8 weeks (end of 
embryonie period) 


8 weeks 


9-12 weeks 
(third month) 


12 weeks 




13-16 weeks 
(fourth month) 


16 weeks 


17-20 weeks 
(fifth month) 



21-30 weeks 
(sixth and 
seventh months) 


Head nearly as large as body; all major brain regions present 

Liver disproportionately large and begins to form blood eells 

Limbs present; though initially webbed, fingers and toes are free by the end 
of this interval 

Bone formation begun 

Heart has been pumping blood sinee the fourth week 

All body systems present in at least mdimentary form 

Approximate crown-to-rump length: 22 mm (0.9 ineh); weight: 2 grams 
(0.07 ounce) 

Head still dominant, but body elongating; brain continues to enlarge 

Faeial features present in crude form 

Walls of hollow viseeral organs gaining smooth muscle 

Blood eell formation begins in bone marrow 

Bone formation aeeelerating 

Sex readily deteeted from the genitalia 

Approximate crown-to-rump length at end of interval: 90 mm (9 em) 

General sensory organs are present; eyes and ears assume eharaeteristie 
position and shape; blinking of eyes and sucking motions of lips occur 

Faee looks human and body beginning to outgrow head 

Kidneys attain typieal structure 

Most bones are distinet and joint eavities apparent 

Approximate crown-to-rump length at end of interval: 140 mm (14 em) 

Vernix easeosa (fatty seeretions of sebaceous glands) eovers body; silklike 
hair (lanugo) eovers skin 

Fetal position (body flexed anteriorly) assumed because of spaee restrietions 
Limbs aehieve near-final proportions 

Quickening occurs (mother feels spontaneous muscular aetivity of fetus) 

Approximate crown-to-rump length at end of interval: 190 mm 

Substantial inerease in weight (may survive if born prematurely at 27-28 
weeks, but hypothalamus still too immature to regulate body temperature, 
and surfactant production by the lungs is still inadequate) 

Myelination of spinal eord begins; eyes are open 

Skin is wrinkled and red; fingernails and toenails are present 

Body is lean and well proportioned 
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Table 16-1 (continued) 


Time 


Changes/accomplishments 


At birth 

30-40 vveeks (term) 
(eighth and 
ninth months) 



Bone marrovv beeomes sole site of blood eell formation 
Testes enter scrotum in seventh month (in males) 

Approximate crown-to-rump length at end of interval: 280 mm 
Fat laid down in subcutaneous tissue of skin 

Approximate crown-to-rump length at end of interval: 360 mm (14 inehes); 
weight: 3.2 kg (7 pounds) 


many women develop an aeeentiaated lumbar 
curvature (lordosis), often aeeompanied by 
baekaehes, during the last few months of preg- 
naney. Plaeental production of the hormone 
relaxin causes pelvie ligaments and the pubic 
symphysis to relax, widen, and beeome more 
flexible. This inereased motility eases birth pas- 
sage, but it may also result in a waddling gait 
during pregnaney. 

Good maternal nutrition is neeessary through- 
out pregnaney if the developing fetus is to have all 
the building materials (proteins, calcium, iron, and 
the like) to form its tissues and organs. The old 
expression “A pregnant woman is eating for two” 
has encouraged many women to eat twice the 
amount of food actually needed during preg- 
naney, which, of course, leads to excessive weight 
gain. Actually, a pregnant woman needs only 
about 300 additional ealories daily to sustain 
proper fetal growth. The emphasis should be on 
high-quality food, not just more food. 

HOMEOSTATIC IMBALANCE 

Many potentially harmful substances 
ean eross through the plaeental barrier into the 
fetal blood; therefore, the pregnant woman should 
be very much aware of what she is taking into her 
body. Substances that may cause life-threatening 
birth defeets (and even fetal death) include aleo- 
hol, nieotine, and many types of drugs (anticoagu- 
lants, antihypertensives, sedatives, and some 
antibioties). Maternal infeetions, particularly 
German measles (mbella), may also cause severe 
fetal damage. Termination of a pregnaney by loss 



of a fetus during the first 20 weeks of pregnaney is 
ealled abortion. ) 

Physiologieal Ohanges 

Gastrointestinal System Many women suffer 

nausea, eommonly ealled morning siekness, dur- 
ing the first few months of pregnaney, until their 
system adjusts to the elevated levels of proges- 
terone and estrogens. Heartburn is eommon 
because the esophagus is displaeed and the 
stomaeh is crowded by the growing uterus, 
which favors reflux of stomaeh aeid into the 
esophagus. Another problem is eonstipation, 
because motility of the digestive traet deelines 
during pregnaney. 

Urinary System The kidneys have the additional 
burden of disposing of fetal metabolie wastes, and 
they produce more urine during pregnaney. 
Because the uterus eompresses the bladder, urina- 
tion beeomes more frequent, more urgent, and 
sometimes uncontrollable. (The last eondition is 
ealled stress ineontinenee .) 

Respiratory System The nasal mucosa responds 

to estrogen by beeoming swollen and eon- 
gested; thus, nasal stuffiness and oeeasional 
nosebleeds may occur. Vital eapaeity and respi- 
ratory rate inerease during pregnaney, but resid- 
ual volume deelines, and many women exhibit 
dyspnea (difficult breathing) during the later 
stages of pregnaney. 

eardiovascular System Perhaps the most dramatie 

physiologieal ehanges occur in the cardiovascular 
system. Total body water rises and blood volume 
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(4)Hypothalamus sends efferent 
impulses to posterior pituitary, 
where oxytocin is stored 


(5)Posterior pituitary releaseí 
oxytocin to blood; oxytocin 
targets mother’s uterine 
muscle 

Uterus responds 
by eontraeting more 



vigorously 
(T)Baby 
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mother’s birth 


eanal 
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(2) Pressoreeeptors 
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meehanism continues 
to eyele until interrupted 
by birth of baby 


Figure 16.21 The positive feedbaek 
meehanism by which oxytocin promotes labor 
eontraetions during birth. 


inereases by 25 to 40 pereent to aeeommodate the 
additional needs of the fetus. The rise in blood 
volume also aets as a safeguard against blood loss 
during birth. Blood pressure and pulse typieally 
rise and inerease eardiae output by 20 to 40 per- 
eent; this helps propel the greater blood volume 
around the body. Because the uterus presses on 
the pelvie blood vessels, venous return from the 
lower limbs may be impaired somewhat, resulting 
in varieose veins. 

Childbirth 

Deseribe how labor is initiated, and briefly discuss the 

three stages of labor. 


ehildbirth, also ealled parturition (par"tu-rish'un; 
“bringing forth young”), is the culmination of 
pregnaney. It usually occurs within 15 days of the 
calculated due date (which is 280 days from the 
last menstmal period). The series of events that 
expel the infant from the uterus is referred to as 
labor. 

Initiation of Labor 

Several events interloek to trigger labor. During 
the last few weeks of pregnaney, estrogens reaeh 
their highest levels in the mother’s blood. This 
has two important consequences: it causes the 
myometrium to form abundant oxytocin reeeptors 
(so that it beeomes more sensitive to the hormone 
oxytocin), and it interferes with progesterone’s 
quieting influence on the uterine muscle. As a 
result, weak, irregular uterine eontraetions begin 
to occur. These eontraetions, ealled Braxton Hieks 
eontraetions, have caused many women to go to 
the hospital, only to be told that they were in 
false labor and sent home. 

As birth nears, two more ehemieal signals 
eooperate to eonvert these false labor pains into 
the real thing. Certain eells of the fetus begin to 
produce oxytocin, which in turn stimulates the 
plaeenta to release prostaglandins . Both hor- 
mones stimulate more frequent and powerful 
eontraetions of the uterus. At this point, the 
inereasing emotional and physieal stresses aeti- 
vate the mother’s hypothalamus, which signals 
for oxytocin release by the posterior pituitary. 
The eombined effeets of rising levels of oxytocin 
and prostaglandins initiate the rhythmie, expulsive 
eontraetions of true labor. Onee the hypothala- 
mus is involved, a positive feedbaek meehanism 
is propelled into aetion: stronger eontraetions 
cause the release of more oxytocin, which causes 
even more vigorous eontraetions, foreing the 
baby ever deeper into the mother’s pelvis, and so 
on (Figure 16.21). 

Because both oxytocin and prostaglandins are 
needed to initiate labor in humans, anything that 
interferes with production of either of these hor- 
mones will hinder the onset of labor. For exam- 
ple, antiprostaglandin drugs such as aspirin and 
ibuprofen ean inhibit labor at the early stages, 
and such dmgs are used oeeasionally to prevent 
premature births. 
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Stages of Labor 

The proeess of labor is eommonly divided into 
three stages (Figure 16.22). 

Stage 1: Dilation Stage The dilation stage is the 

time from the appearanee of tme eontraetions 
until the cervix is fully dilated by the baby’s head 
(about 10 em in diameter). As labor starts, regular 
but weak uterine eontraetions begin in the upper 
part of the uterus and move downward toward 
the vagina. Gradually, the eontraetions beeome 
more vigorous and more rapid, and, as the 
infant’s head is foreed against the cervix with 
eaeh eontraetion, the cervix begins to soften, 
beeomes thinner ( effaees ), and dilates. Eventually, 
the amnion ruptures, releasing the amniotie fluid, 
an event eommonly referred to as “breaking the 
water.” The dilation stage is the longest part of 
labor and usually lasts for 6 to 12 hours or more. 

Stage 2: Expulsion Stage The expulsion stage is 

the period from full dilation to delivery of the 
infant. In this stage, the infant passes through the 
cervix and vagina to the outside of the body. 
During this stage, a mother experiencing natural 
ehildbirth (that is, undergoing labor without loeal 
anesthesia) has an inereasing urge to push, or bear 
down, with the abdominal muscles. Although this 
phase ean take as long as 2 hours, it is typieally 
50 minutes in a first birth and around 20 minutes 
in subsequent births. 

When the infant is in the usual head-first 
( vertex ) position, the skull (its largest diameter) 
aets as a wedge to dilate the cervix. The head- 
first presentation also allows the baby to be suc- 
tioned free of mucus and to breathe even before 
it has eompletely exited from the birth eanal. 
Onee the head has been delivered, the rest of the 
baby’s body is delivered much more easily. After 
birth, the umbilical eord is elamped and cut. In 
breeeh (buttocks-first) presentations and other 
nonvertex presentations, these advantages are 
lost and delivery is often much more difficult, 
sometimes requiring the use of foreeps or a vae- 
uum extractor. 

HOMEOSTATIC IMBALANCE 

During an extremely prolonged or dif- 
ficult stage 2, a eondition ealled dystoeia (dis- 
to'se-ah) may occur. In dystoeia, oxygen delivery 
to the infant is inadequate, leading to fetal brain 
damage (resulting in eerebral palsy or epilepsy) 
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Figure 16.22 The three stages of labor. 
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and deereased viability of the infant. To prevent 
these outcomes, a eesarean (se-zayr'e-an) 
seetion, also ealled a C-section, may be per- 
formed. A C-section is delivery of the infant 
through a surgical ineision made through the 
abdominal and uterine walls. ) 

Stage 3: Plaeental Stage The plaeental stage, or 

the delivery of the plaeenta, is usually aeeom- 
plished within 15 minutes after birth of the 
infant. The strong uterine eontraetions that eon- 
tinue after birth eompress uterine blood vessels, 
limit bleeding, and cause the plaeenta to detaeh 
from the uterine wall. The plaeenta and its 
attaehed fetal membranes, eolleetively ealled the 
afterbirth, are then easily removed by a slight 
tug on the umbilical eord. It is very important 
that all plaeental fragments be removed to pre- 
vent continued uterine bleeding after birth 
(postpartum bleeding). 

DID YOU GET IT 

23. Explain how pregnaney affeets a woman’s respiratory 
and digestive proeesses. 

24. What are the three stages of labor? 

For answers, see Appendix D. 

Developmental Aspeets 
of the Reproductive 
System 

Deseribe the importanee of the presenee/absenee of 
testosterone during embryonie development of the 
reproductive system organs. 

Define menarehe and menopause. 

List eommon reproductive system problems seen in 
adult and aging men and women. 

Although the genetie sex of an individual is 
determined at the time of fertilization (males 
have X and Y sex ehromosomes and females 
have two X sex ehromosomes), the gonads do 
not begin to form until about the eighth week of 
embryonie development. Prior to this time, the 
embryonie reproductive structures of males and 
females are identieal and are said to be in the 
indifferent stage. After the gonads have formed, 
development of the aeeessory structures and 
external genitalia begins. Whether male or 


female structures will form depends entirely 
on whether testosterone is present or absent. 
The usual ease is that, onee formed, the embry- 
onie testes produce testosterone, and the devel- 
opment of the male duct system and external 
genitalia follows. When testosterone is not pro- 
duced, as is the ease in female embryos that 
form ovaries, the female ducts and external gen- 
italia result. 

HOMEOSTATIC IMBALANCE 

Any interferenee with the normal pat- 
tern of sex hormone production in the embryo 
results in abnormalities. For example, if the 
embryonie testes fail to produce testosterone, a 
genetie male develops the female aeeessory struc- 
tures and external genitalia. If a genetie female is 
exposed to testosterone (as might happen if the 
mother has an androgen-producing tumor of 
her adrenal gland), the embryo has ovaries but 
develops male aeeessory ducts and glands, as 
well as a penis and an empty scrotum. Individuals 
with external genitalia that do not “mateh” their 
gonads are ealled pseudohermaphrodites 
(su"do-her-maf'ro-ditz) to distinguish them 
from tme hermaphrodites, rare individuals 
who possess both ovarian and testicular tissues. 
In reeent years, many pseudohermaphrodites 
have sought sex ehange operations to mateh their 
outer selves (external genitalia) with their inner 
selves (gonads). 

Additionally, abnormal separation of ehro- 
mosomes during meiosis ean lead to eongenital 
defeets of this system. For example, males who 
have an extra female sex ehromosome have the 
normal male aeeessory structures, but their 
testes atrophy, causing them to be sterile. Other 
abnormalities occur when a ehild has only one 
sex ehromosome. An XO female appears normal 
but laeks ovaries; YO males die during develop- 
ment. Other, much less serious, eonditions affeet 
males primarily; these include phimosis 
(fi-mo'sis), which essentially is a narrowing of 
the foreskin of the penis, and misplaeed urethral 
openings. 

The male testes, formed in the abdominal eavity 
at approximately the same loeation as the female 
ovaries, deseend to enter the scrotum about one 
month before birth. Failure of the testes to make 
their normal deseent leads to a eondition ealled 
eryptorehidism (krip-tor'ki-dizm). Because this 
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eondition results in sterility of a male (and also puts 
him at risk for eaneer of the testes), surgery is usu- 
ally performed during ehildhood to reetify this 
problem. ) 

Because the reproductive system organs do 
not function until puberty, there are few prob- 
lems with this system during ehildhood. Puberty 
is the period of life, generally between the ages 
of 10 and 15 years, when the reproductive 
organs grow to their adult size and beeome func- 
tional under the influence of rising levels of 
gonadal hormones (testosterone in men and 
estrogen in women). After this time, reproduc- 
tive eapability continues until old age in men 
and menopause in women. Earlier we deseribed 
the seeondary sex eharaeteristies and major 
events of puberty, so we will not repeat these 
details here. It is important to remember, how- 
ever, that puberty represents the earliest period 
of reproductive system aetivity. 

The events of puberty occur in the same 
sequence in all individuals, but the age at which 
they occur varies widely. In boys, the event that 
signals puberty’s onset is enlargement of the testes 
and scrotum, around the age of 13 years, followed 
by the appearanee of pubic, axillary, and faeial 
hair. Growth of the penis goes on over the next 2 
years, and sexual maturation is indieated by the 
presenee of mature sperm in the semen. In the 
meantime, the young man has unexpected eree- 
tions and oeeasional nocturnal emissions (“wet 
dreams”) as his hormones surge and hormonal 
eontrols stmggle to aehieve a normal balanee. 

The first sign of puberty in girls is budding 
breasts, often apparent by the age of 11 years. The 
first menstmal period, ealled menarehe (mé- 
nar'ke), usually occurs about 2 years later. 
Dependable ovulation and fertility are deferred 
until the hormonal eontrols mature, an event that 
takes nearly 2 more years. 

HOMEOSTATIC IMBALANCE 

In adults, the most eommon reproduc- 
tive system problems are infeetions. Vaginal 
infeetions are more eommon in young and el- 
derly women and in women whose resistanee is 
low. Common infeetions include those caused by 
Eseheriehia eoli (spread from the digestive traet); 
sexually transmitted mieroorganisms (such as 
gonorrhea, syphilis, and herpesvims); and yeasts 



(a type of fungus). Untreated vaginal infeetions 
may spread throughout the female reproductive 
traet, causing pelvie inflammatory disease and 
sterility. Problems involving painful or abnormal 
menses may result from infeetion or hormone 
imbalanee. 

The most eommon inflammatory eonditions in 
men are urethritis, prostatitis, and epididymitis 

(ep"i-did-i-mi'tis), all of which may follow sexual 
eontaets in which sexually transmitted mieroorgan- 
isms are transmitted. Orehiditis (or"kì-di'tis), 
inflammation of the testes, is rather uncommon 
but is serious because it ean cause sterility. 
Orehiditis most eommonly follows STI or mumps 
(in an adult man). 

As noted earlier, neoplasms represent a major 
threat to reproductive system organs. Tumors of 
the breast and cervix are the most eommon repro- 
ductive eaneers in adult women, and prostate ean- 
eer (a eommon sequel to prostatie hypertrophy) is 
a widespread problem in adult men. ) 

Most women reaeh peak reproductive abilities 
in their late twenties. After that, a natural deerease 
in ovarian function occurs. As estrogen production 
deelines, ovulation beeomes irregular, and men- 
stmal periods beeome seanty and shorter in 
length. Eventually, ovulation and menses eease 
entirely, ending ehildbearing ability. This event, 
ealled menopause, normally occurs between the 
ages of 46 and 54 years and is eonsidered to have 
occurred when a whole year has passed without 
menstmation. 

Although estrogen production continues for a 
while after menopause, the ovaries finally stop 
hmetioning as endoerine organs. When deprived 
of the stimulatory effeets of estrogen, the repro- 
ductive organs and breasts begin to atrophy. The 
vagina beeomes dry; intercourse may beeome 
painful (particularly if infrequent), and vaginal 
infeetions beeome inereasingly eommon. Other 
consequences of estrogen defieit include irritabil- 
ity and other mood ehanges (depression in 
some); intense vasodilation of the skin’s blood 
vessels, which causes uncomfortable sweat- 
drenehing “hot flashes”; gradual thinning of the 
skin and loss of bone mass; and slowly rising 
blood eholesterol levels, which plaee post- 
menopausal women at risk for cardiovascular 
disorders. At one time, physieians preseribed 
low-dose estrogen-progesterone preparations to 

(Continues on page 572) 






I\ OoserLook 


íontraeeption: Preventing Pregnaney 


ln a soeiety such as ours, where 
many women opt for professional 
eareers or must work for eeonomie 
reasons, eontraeeption (eontra = 
against; eept = taking), or birth 
eontrol, is often seen as a neeessity. 
Thus far, much of the burden for 
birth eontrol has fallen on women’s 
shoulders, and most birth eontrol 
products are direeted toward 
women. 

The key to birth eontrol is 
dependability. As shown by the 
red arrows in the aeeompanying 
flowchart, the birth eontrol 
techniques and products currently 
available have many sites of aetion 
for bloeking the reproductive 
proeess. Let’s examine the relative 
advantages of a few of these current 
methods more elosely. 

The most-used eontraeeptive 
product in the Llnited States is the 
birth eontrol pill, or simply, “the pill,” 
a preparation taken daily that 
eontains tiny amounts of estrogens 
and progestins (progesterone-like 
hormones), except that for the last 
7 days of the 28-day eyele the 
tablets are hormone-free. The pill 
trieks the hypothalamic-pituitary 
eontrol system and “lulls it to sleep” 
because the relatively eonstant 
blood levels of ovarian hormones 
make it appear that the woman 
is pregnant (both estrogen and 
progesterone are produced 
throughout pregnaney). Ovarian 
follieles do not mature, ovulation 
eeases, and menstmal flow is much 
reduced. However, because 
hormonal balanee in the body is 


preeisely eontrolled, some women 
simply eannot tolerate the ehanges 
caused by the pill—they beeome 
nauseated and/or hypertensive. 

The pill has adverse 
cardiovascular effeets in a small 
number of users, and there is still 
debate about whether it inereases 
the ineidenee of ovarian, uterine, 
and particularly breast eaneer. 
However, it appears that the new, 
very low dose preparations may 
actually help proteet against 
ovarian and endometrial eaneer 
and may also have reduced the 
ineidenee of serious cardiovascular 
side effeets, such as strokes, heart 
attaeks, and blood elots, that 
occurred (rarely) with earlier forms 
of the pill. 

Presently, the pill is one of the 
most widely used drugs in the 
world; well over 50 million women 
use these drugs to prevent 
pregnaney. The ineidenee of 
failure is less than 1 pereent. 

A different eombination hormone 
pill, the morning-after pill (MAP), is 
the therapy of ehoiee for rape 
vietims. Marketed under various 
names, including Ovral, Tetragynon, 
and Trephasil, MAPs are beeoming 
more widely known. Taken within 
3 days of unprotected intercourse, 
the eoneentrated estrogen- 
progesterone eombination pills 
“mess up” the normal hormonal 
signals so much that fertilization is 
prevented altogether or a fertilized 
egg is prevented from implanting. 

Other hormonal approaehes are 
progestin-only products that cause 


eervieal mucus to beeome thiek, 
bloeking sperm passage and 
making the endometrium 
inhospitable to implantation. 

These include the minipill (a tablet); 
implants of a tiny silieon rod that 
releases the hormone over several 
years; and Depo-Provera, an 
injeetable synthetie progesterone 
that lasts for 3 months. The 
failure rate of the implant or 
injeetion is even lower than that 
of the pill. 

For several years, the seeond 
most used eontraeeptive method 
was the intrauterine deviee (IUD), 
a plastie or metal deviee inserted 
into the uterus that prevented 
implantation of the fertilized egg 
(see photo on p. 572). Although the 
failure rate of the IUD was nearly as 
low as that of the pill, ILIDs were 
taken off the market in the Llnited 
States because of problems with 
oeeasional eontraeeptive failure, 
uterine perforation, or pelvie 
inflammatory disease (PID). New 
IUD products that deliver sustained 
doses of synthetie progesterone to 
the endometrium are currently 
being reeommended for women 
who have given birth and for 
women with a lower risk of 
developing PID in monogamous 
relationships. 

Sterilization techniques, such as 
tubal ligation and vaseetomy (cutting 
or cauterizing the uterine tubes or 
ductus deferens, respeetively), are 
nearly foolproof and are the ehoiee of 
approximately 33 pereent of couples 
of ehildbearing age in the United 
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Flowchart of the events that must occur to produce a baby. 

Techniques or products that interfere with the proeess are indieated 
by red arrows at the site of interferenee; they aet to prevent the 


States. Both procedures ean be done 
in the physieian’s offiee. These 
ehanges are usually permanent, 
however, so they are not for 
individuals who plan to have ehildren 
but want to ehoose the time. 

Coitus interruptus, or withdrawal 
of the penis just before ejaculation, 
is simply against nature, and eontrol 
of ejaculation is never assured. 
Rhythm, or fertility awareness, 
methods depend on avoiding 
intercourse during the period of 
ovulation or fertility. This may be 
aeeomplished by (1) reeording daily 
basal body temperatures (body 
temperature drops slightly 
immediately prior to ovulation and 
then rises slightly after ovulation) or 
(2) reeording ehanges in the pattern 
of salivary mucus with a lipstiek- 
sized nonpreseription instmment 
ealled an Ovulite Mieroseope. With 
a failure rate of 10 to 20 pereent, 
rhythm techniques require accurate 
reeord-keeping for several eyeles 
before they ean be used with 
eonfidenee. Barrier methods, such 
as diaphragms, eervieal eaps, 
eondoms (see photo), spermieidal 
foams, gels, and sponges, are quite 
effeetive, espeeially when some 
agent is used by both partners. But 
many people avoid them because 
they ean reduce the spontaneity of 
sexual encounters. 

Abortion is the termination of 
a pregnaney that is in progress. 
Spontaneous abortion, also ealled 
misearriage, is eommon and 
frequently occurs before a woman 
is aware she has eoneeived. 
Additionally, over 1 million women 
opt to terminate pregnaney in the 
physieian’s offiee. In this arena, 
Ril-486, the so-ealled abortion pill 
developed in Franee, is widely used 


next step. 


in the United States. When taken 
during the first 7 weeks of 
pregnaney in conjunction with a tiny 
amount of prostaglandin to induce 
uterine eontraetions, it induces 
misearriage by bloeking 


progesterone’s quieting effeet on 
the uterus. RU-486 has a 96 to 98 
pereent success rate with few side 
effeets other than eramping and 
short-term spotting. However, a 
small number of deaths due to 
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infeetion and sepsis prompted the 
FDA in July 2005 to issue a warning 
about using Rll-486. These 
ineidents were very rare, but further 
studies on this drug are ongoing. 
Now approved by the FDA, it has 
beeome a topie of bitter 
eontroversy among pro-ehoiee and 
pro-life groups in the Llnited States. 

This summary has barely touched 
on the large number of experimental 
birth eontrol drugs now awaiting 
elinieal trials; and other methods are 
sure to be developed in the near 
future. In the final analysis, however, 
the only 100 pereent effeetive 
means of birth eontrol is the age-old 
on e—total abstinenee. 
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help women through this often difficult period 
and to prevent the skeletal and cardiovascular 
eomplieations. These seemed like great bonuses, 
and until July 2002, some 14 million Ameriean 
women were taking some form of estrogen- 
eontaining hormone replaeement therapy (HRT). 
Then, on July 9, the Women’s Health Initiative 
(WHI) abmptly ended a elinieal trial of 16,000 
postmenopausal women, reporting that in those 
taking a popular progesterone-estrogen hormone 
eombination there was an inerease of 51 pereent 
in heart disease, 24 pereent in invasive breast 
eaneer, 31 pereent in stroke, and a doubling of 
the risk of dementia eompared to those taking 
plaeebos. The baeklash of this information is 
still spreading through physieians’ offiees and 
researeh labs, and it has dampened enthusiasm 
for HRT in both the medieal eomimmity and 
postmenopausal women. A new and encouraging 
study in 2006 reported a signifieant drop in 


breast eaneers, with the drop due nearly entirely 
to fewer women using HRT. 

There is no equivalent of menopause in males. 
Although aging men exhibit a steady deeline in 
testosterone seeretion and a longer latent period 
after orgasm, their reproductive eapability seems 
unending. Healthy men well into their eighties 
and beyond are able to father offspring. 


DID YOU GET IT 



25. Which sex ehromosome eombination yields a boy— 
XX or XY? VVhat hormone must be produced by an XY 
fetus during development to stimulate its formation of 
the male duct system? 

26. VVhat is eryptorehidism, and what results if it is not 
reetified? 

27. VVhat are the major health threats to the adult 
woman’s reproductive system? 

For answers, see Appendix D. 






















Homeostatie Relationships between the 
Reproductive System and Other Body Systems 


Endoerine System 


Gonadal hormones exert 
feedbaek effeets on 
hypothalamic-pituitary axis; 
plaeental hormones help to 
maintain pregnaney 
Gonadotropins help regulate 
of gonads 


Lymphatie System/lmmunity 


Developing embryo/fetus eseapes 
immune surveillance (not 
rejeeted) 

Lymphatie vessels drain leaked 
tissue fluids; transport sex 
hormones; immune eells proteet 
reproductive organs from 
disease; IgA is present in 
breast milk 


Digestive System 


Digestive organs crowded by 
developing fetus; heartburn, 
eonstipation eommon 
during pregnaney 
Digestive system 
provides nutrients 
needed for health 


Llrinary System 


Hypertrophy of the prostate 
inhibits urination; eompression of 
bladder during pregnaney leads to 
urinary frequency and urgency 
Kidneys dispose of nitrogenous 
wastes and maintain aeid-base 
balanee of blood of mother and 
fetus; semen exits the body 
through the urethra of the male 


Muscular System 


Androgens promote inereased 
muscle mass 

Abdominal muscles aetive during 
ehildbirth; muscles of the pelvie 
floor support reproductive organs 
and aid ereetion of penis/elitoris 



Nervous System 


Sex hormones masculinize orfeminize 
the brain and influence sex drive 
Hypothalamus regulates timing of 
puberty; neural reflexes regulate sexual 
response 


Resplratory System 


Pregnaney impairs deseent of the 
diaphragm, causing difficult breathing 
Respiratory system provides oxygen; 
disposes of earbon dioxide; vital 
eapaeity and respiratory rate inerease 
during pregnaney 


Cardiovascular System 


Estrogens lower blood eholesterol 
levels and promote cardiovascular 
health in premenopausal women; 
pregnaney inereases workload of the 
cardiovascular system 
Cardiovascular system transports 
needed substances to organs of 
reproductive system; loeal 
vasodilation involved in ereetion; 
blood transports sex hormones 


Reproductive System 


lntegumentary System 


Male sex hormones (androgens) 
aetivate oil glands, which lubricate skin 
and hair; gonadal hormones stimulate 
eharaeteristie fat distribution and 
appearanee of pubic and axillary hair; 
estrogen inereases skin hydration; 
enhanees faeial skin pigmentation 
during pregnaney 
Skin proteets all body organs by 
enelosing them externally; mammary 
gland seeretions (milk) nourish the 
infant 


Skeletal System 


Androgens masculinize the skeleton 
and inerease bone density; estrogen 
feminizes skeleton and maintains bone 
mass in women 

The bony pelvis eneloses some 
reproductive organs; if narrow, the 
bony pelvis may hinder vaginal delivery 
of an infant 
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Summ ary 

Aeeess more revievv material and fun learning aetivities 
online—visit www.anatomyandphysiology.com and 

seleet Essentials of Human Anatomy & Physiology, lOth 
edition. In addition, referenees to interaetive Physiology 
are included belovv. 

iP = interaetive Physiology 

Anatomy of the Male Reproductive 
System (pp. 539-544) 

1. The paired testes, the male gonads, reside in the 
scrotum outside the abdominopelvie eavity. Testes 
have both an exocrine (sperm-producing) and an 
endoerine (testosterone-producing) function. 

2. The male duct system includes the epididymis, 
ductus deferens, and urethra. Sperm mature in the 
epididymis. When ejaculation occurs, sperm are 
propelled through duct passageways to the body 
exterior. 

3. Male aeeessory glands include the seminal vesieles, 
prostate, and bulbourethral glands. Collectively, 
these glands produce a fluid that aetivates and 
nourishes sperm. 

4. External genitalia: 

a. Scrotum—a skin sae that hangs outside the 
abdominopelvie eavity and provides the proper 
temperature for producing viable sperm. 

b. Penis—eonsists of three columns of ereetile tis- 
sue surrounding the urethra. Ereetile tissue pro- 
vides a way for the penis to beeome rigid so it 
may better serve as a penetrating deviee during 
sexual intercourse. 

Male Reproducfive Functions (pp. 544-548) 

1. Spermatogenesis (sperm production) begins at 
puberty in seminiferous tubules in response to 
FSH. Spermatogenesis involves meiosis, a speeial 
nuclear division that halves the ehromosomal 
number in resulting spermatids. An additional 
proeess that strips excess eytoplasm from the sper- 
matid, ealled spermiogenesis, is neeessary for pro- 
duction of functional, motile sperm. 

2. Testosterone production begins in puberty in 
response to LH. Testosterone is produced by inter- 
stitial eells of the testes. Testosterone causes the 
appearanee of male seeondary sex eharaeteristies 
and is neeessary for sperm maturation. 


Anatomy of the Female Reproductive 
System (pp. 548-552) 

1. The ovaries, the female gonads, are loeated against 
the lateral walls of the pelvis. They produce female 
sex eells (exocrine function) and hormones 
(endoerine function). 

2. The duct system: 

a. Uterine (fallopian) tubes extend from the 
vieinity of an ovary to the uterus. Ends are 
fringed and “wave” to direet ovulated ooeytes 
into uterine tubes, which conduct the ooeyte 
(embryo) to the uterus by peristalsis and eil- 
iary aetion. 

b. The uterus is a pear-shaped muscular organ in 
which the embryo implants and develops. Its 
rmieosa (endometrium) sloughs off eaeh month 
in menses unless an embryo has beeome 
embedded in it. The myometrium eontraets 
rhythmieally during the birth of a baby. 

e. The vagina is a passageway between the uterus 
and the body exterior that allows a baby or the 
menstmal flow to leave the body. It also 
reeeives the penis and semen during sexual 
intercourse. 

3. Female external genitalia include labia majora and 
minora (skin folds), elitoris, and urethral and vagi- 
nal openings. 

Female Reproductive Functions 
and Cycles (pp. 552-556) 

1. Oogenesis (production of female sex eells) occurs 
in ovarian follieles, which are aetivated at puberty 
by FSH and LH to mature and ejeet ooeytes (ovula- 
tion) on a eyelie basis. The egg (ovum) is formed 
only if sperm penetrates the seeondary ooeyte. In 
females, meiosis produces only one hinetional 
ovum (plus three nonfunctional polar bodies), as 
eompared with the four hinetional sperm per 
meiosis produced by males. 

2. Hormone production: Estrogens are produced 
by ovarian follieles in response to FSH. 
Progesterone, produced in response to LH, is the 
main hormonal product of the corpus luteum. 
Estrogens stimulate development of female see- 
ondary sex eharaeteristies. 

3. The menstmal eyele involves ehanges in the 
endometrhim in response to fluctuating blood lev- 
els of ovarian hormones. There are three phases: 
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a. Menstmal phase. Endometrium sloughs off and 
bleeding occurs. Ovarian hormones are at their 
lowest levels. 

b. Proliferative phase. Endometririm is repaired, 
thiekens, and beeomes well vascularized in 
response to inereasing levels of estrogens. 

c. Seeretory phase. Endometrial glands begin to 
seerete nutrients, and lining beeomes more 
vascular in response to inereasing levels of 
progesterone. 

4. If fertilization does not occur, the phases are 
repeated about every 28 days. 

Mammary Glands (pp. 556-558) 

1. Mammary glands are milk-producing glands found 
in the breasts. After the birth of a baby, they pro- 
duce milk in response to hormonal stimulation. 

Pregnaney and Embryonie 

Development (pp. 558-568) 

1. An ooeyte ean be fertilized up to 24 hours after 
release; sperm are viable within the female repro- 
ductive traet for up to 48 hours. Hundreds of 
sperm must release their aerosomal enzymes to 
break down the egg’s plasma membrane. 

2. Following sperm penetration, the seeondary 
ooeyte eompletes meiosis II. Then ovum and 
sperm nuclei fuse (fertilization), forming a zygote. 

3. If fertilization occurs, embryonie development 
begins immediately. Geavage, a rapid series of 
mitotie divisions without intervening growth, 
begins with the zygote and ends with a blastoeyst. 

4. By day 14 after ovulation, the young embryo (blas- 
toeyst) has implanted in the endometrium, and the 
plaeenta is being formed. Human ehorionie 
gonadotropin (hCG) released by the blastoeyst 
maintains hormone production of the corpus 
luteum, preventing menses, until the plaeenta 
assumes its endoerine role. 

3. The plaeenta serves respiratory, nutritive, and 
excretory needs of the embryo and produces hor- 
mones of pregnaney. 

6. All major organ systems have been laid down by 
eight weeks, and at nine weeks the embryo is 
ealled a fetus. Growth and tissue/organ speeializa- 
tion are the major events of the fetal period. 

7. A pregnant woman has inereased respiratory, eir- 
culatory, and urinary demands plaeed on her sys- 
tem by the developing fetus. Good nutrition is 
neeessary to produce a healthy baby. 


8. ehildbirth (parturition) includes a series of events 
ealled labor. It is initiated by several faetors but 
most importantly by rising levels of oxytocin and 
prostaglandins, which promote vigorous uterine 
eontraetions. The three stages of labor are dilation, 
expulsion, plaeental. 

Developmental Aspeets of the Reproductive 
System (pp. 568-572) 

1. Reproductive system structures of males and 
females are identieal during early development. 
Gonads begin to develop in the eighth week. The 
presenee or absenee of testosterone determines 
whether male or female aeeessory reproductive 
organs are formed. 

2. Important eongenital defeets result from abnormal 
separation of sex ehromosomes during sex eell 
formation. 

3. The reproductive system is inaetive during ehild- 
hood. Reproductive organs mature and beeome 
functional for ehildbearing at puberty. 

4. Common reproductive problems during young 
adulthood are infeetions of the reproductive traet. 
Neoplasms of breast and cervix are major threats 
to women. Prostate eaneer is the most eommon 
reproductive system eaneer seen in men. 

3. During menopause, female reproductive eapabili- 
ties end, and reproductive organs begin to atro- 
phy. Hot flashes and mood ehanges may occur. 
Reproductive eapaeity does not appear to deeline 
signifieantly in aging men. 

Review Questions 

Multiple Choice 

More than one ehoiee may apply. 

1. Which of the following are aeeessory sex structures 
in the male? 

a. Gonads 

b. Gametes 

e. Broad shoulders 

d. Seminal vesieles 

2. In terms of development, which of these pairs is 
mismatehed? 

a. Vagina—penis 

b. Testis—ovary 

e. Labia majora—scrotum 

d. Uterine tube—ductus deferens 
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3. The myometrium is the muscular layer of the uterus, 

and the endometrium is the_layer. 

a. serosa c. submucosa 

b. adventitia d. mucosa 

4. All of the following are tme of the gonadotropins 
except that they are 

a. seereted by the pituitary gland. 

b. LH and FSH. 

c. hormones with important functions in both 
males and females. 

d. the sex hormones seereted by the gonads. 

3. The approximate area between the anus and elitoris 
in the female is the 

a. peritoneum. c. vulva. 

b. perineum. d. labia. 

6. Which of the following attaeh to the ovary? 

a. Fimbriae 

b. Ovarian ligament 

c. Suspensory ligaments 

d. Broad ligament 

7. Human ova and sperm are similar in that 

a. about the same number of eaeh is produced per 
month. 

b. they have the same degree of motility. 

c. they are about the same size. 

d. they have the same number 
of ehromosomes. 

8. Seleet the false statement about the cervix of the 
uterus. 

a. It is the superiormost part of the uterus. 

b. It projeets into the vagina. 

c. Its eervieal glands seerete mucus. 

d. It eontains the eervieal eanal. 

9. Eaeh month, typieally only one 

a. primary folliele is stimulated. 

b. folliele seeretes estrogen. 

c. vesicular folliele undergoes ovulation. 

d. ovary is stimulated. 

10. After ovulation, the ruptured folliele 

a. degenerates. 

b. beeomes a corpus luteum. 

c. sloughs off as waste material. 

d. mends and produces another ooeyte. 


11. The outer layer of the blastoeyst, which attaehes to 
the uterine wall, is the 

a. yolk sae. c. amnion. 

b. inner eell mass. d. trophoblast. 

12. The usual and most desirable presentation for birth is 

a. vertex. c. nonvertex. 

b. breeeh. d. head first. 

13- During human embryonie development, organo- 
genesis occurs 

a. during the first trimester. 

b. during the seeond trimester. 

c. during the third trimester. 

d. just before birth. 

Short Answer Essay 

14. What are the primary sex organs, or gonads, of 
males? What are their two major functions? 

13. What is the function of seminal fluid? Name the 
three types of glands that help produce it. 

16. The penis eontains ereetile tissue that beeomes 
engorged with blood during sexual excitement. 
What term is used to deseribe this event? 

17. Define ejaculation. 

18. Why are the male gonads not found in the abdomi- 
nal eavity? Where are they found? 

19- How does enlargement of the prostate interfere 
with a man’s reproductive function? 

20. When does spermatogenesis begin? What causes it 
to begin? 

21. Testosterone causes the male seeondary sex ehar- 
aeteristies to appear at puberty. Name three exam- 
ples of male seeondary sex eharaeteristies. 

22. Explain why a man’s sexual responsiveness and 
seeondary sex eharaeteristies generally remain 
unchanged after a vaseetomy. 

23. Name the female gonad, and deseribe its two major 
functions. 

24. Why is the term nrogenital system more applieable 
to males than females? 

25. Name the structures of the female duct system, and 
deseribe the important functions of eaeh. 

26. Given that the uterine tubes are not continuous 
with the ovaries, how ean you explain the faet that 
all ovulated “eggs” do not end up in the female’s 
peritoneal eavity? 
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27. What is a folliele? What is ovulation? 

28. The female eell that is ovulated is not a mature sex 
eell (ovum). When or under what eonditions does 
it beeome mature? 

29. What ovarian stmctures produce estrogens? Name the 
seeond hormone prodiieed by the same structures. 

30. List and deseribe the events of the menstmal eyele. 
Why is the menstmal eyele so important? 

31. Define menopemse. What does this mean to a 
woman? 

32. Define fertilization . Where does fertilization usu- 
ally occur? Deseribe the proeess of implantation. 

33. How is body functioning of a pregnant woman 
altered by her pregnaney? 

34. What events trigger labor? 

33. Delivery of the infant occurs during which stage of 
labor? 

36. What is the indifferent stage of embryonie develop- 
ment? 

37. What are the major events of puberty? 

38. Compare the effeets of aging on the male and 
female reproductive systems. 


eritieal Thinking and 

dinieal Applieation 
Questions 

39. A pregnant woman in substantial pain ealled her 
doetor and explained (between sobs) that she was 
about to have her baby “right away.” The doetor 
ealmed her and asked how she had eome to that 
eonehision. She said that her water had broken and 
that her husband could see the baby’s head. 
(a) Was she right to believe that birth was immi- 
nent? If so, what stage of labor was she in? (b) Do 
you think she had time to make it to the hospital 
60 miles away? Why or why not? 

40. Lucy had both her left ovary and her right uterine 
tube removed surgically at age 17 because of a eyst 
and a tumor in these organs. Now, at age 32, she 
remains healthy and is expecting her seeond ehild. 
How could Lucy eoneeive a ehild with just one 
ovary and one uterine tube, widely separated on 
opposite sides of the pelvis like this? 
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Appendix A 


Word Roots, Prefixes r and Suffixes 


Word 


Word 


element 

Meaning 

element 

Meaning 

Word Roots 




Circulatory system 

Respiratory system 

eardio 

heart 

naso, rhino 

nose 

angio, vaso 

vessel 

tonsillo 

tonsil 

hem, hema, hemato 

blood 

laryngo 

larynx 

vena, phlebo 

vein 

traeheo 

traehea 

arteria 

artery 

bronchus, broneho 

bronchus 

lympho 

lymph 


(pl. bronehi) 

thrombo 

elot (of blood) 

pulmo, 

lung (sae with 

Digestive system 

pneuma, pneum 

air) system 

bucca 

eheek 

Nervous 

system 

os, stomato 

mouth 

neuro 

nerve 

gingiva 

gum 

eerebro 

brain; eerebmm 

glossa 

tongue 

oculo, ophthalmo 

eye 

pharyngo 

pharynx 

oto 

ear 

esophago 

esophagus 

psyeh, psyeho 

mind 

gastro 

hepato 

stomaeh 

liver 

iirinary system 

eholeeyst 

gallbladder 

urethro 

urethra 

entero 

intestines 

eysto 

bladder 

duodeno 

duodenum 

uretero 

ureter 

jejuno 

jejunum 

reni, reno, 

kidney 

ileo 

ileum 

nephro 


appendeeo 

appendix 

pyelo 

pelvis of kidney 

eolo 

eolon 

uro 

urine 

reeto 

rectum 

Female reproductive system 

ano, proeto 

anus 

vulvo 

vulva 

Skeletal system 

perineo 

perineum 

skeleto 

skeleton 

labio 

labium (pl. labia) 



vagino, eolpo 

vagina 



eervieo 

cervix 



utero 

womb; uterus 



tubo, salpingo 

fallopian tube 



ovario, oophoro 

ovary 


Word 

element Meaning 


Male reproductive system 


orehido 

testes 

Regions of the body 

erani, eephalo 

head 

eervieo, traeheo 

neek 

thoraeo 

ehest 

abdomino 

abdomen 

dorsum 

baek 

Tissues 

cutis, dermato 

skin 

lipo 

fat 

musculo, myo 

muscle 

osteo 

bone 

myelo 

marrow 

ehondro 

eartilage 

Miscellaneous 

eyto 

eell 

gene 

formation, origin 

gram 

traeing or mark 

graph 

writing, deseription 

kinesis 

motion 

lapar 

through the 
abdominal wall 

meter 

measure 

oligo 

small, few 

phobia 

fear 

photo 

light 

pyo 

pus 

roentgen 

X ray 

seope 

instmment for 

visual 

examination 


continued 
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Word Roots, Prefixes, and Suffixes (continued) 


Word 


Word 


Word 


element 

Meaning 

element 

Meaning | 

element 

Meaning 

Prefixes 






a, an, ar 

without or not 

extra 

outside of, 

ob 

against, in 

ab 

away from 


in addition to 


front of 

aero 

extremities 

ferro 

iron 

oculo 

eye 

ad 

toward, to 

fibro 

fiber 

odonto 

tooth 

adeno 

glandular 

fore 

before, in front of 

ophthalmo 

eye 

aero 

air 

gastro 

stomaeh 

ortho 

straight, 

ambi 

around, on 

glosso 

tongue 


normal 


both sides 

giyeo 

sugar 

os 

mouth, bone 

amyl 

stareh 

hemi 

half 

osteo 

bone 

ante 

before, forward 

hemo 

blood 

oto 

ear 

anti 

against, 

hepa, hepato 

liver 

pan 

all 


counteracting 

histo 

tissue 

para 

beside, 

bi 

double 

homo 

same 


aeeessory to 

bili 

bile 

hydro 

water 

path 

disease 

bio 

life 

hygro 

moisture 

ped 

ehild, foot 

bis 

two 

hyper 

too much, high 

per 

by, through 

braehio 

arm 

hypo 

under, deereased 

peri 

around 

brady 

slow 

hyster 

uterus 

pharyngo 

pharynx 

broneho 

bronchus 

ileo 

ileum 

phlebo 

vein 


(pl. bronehi) 

in 

in, within, into 

photo 

light 

eardio 

heart 

inter 

between 

phren 

diaphragm, 

eervieo 

neek 

intra 

within 


mind 

ehole 

gall or bile 

intro 

in, within, into 

pneumo 

air, lungs 

eholeeysto 

gallbladder 

juxta 

near, elose to 

pod 

foot 

circum 

around 

lapar 

abdomen 

poiy 

many, much 

eo 

together 

laryngo 

larynx 

post 

after 

eontra 

against, 

latero 

side 

pre 

before 


opposite 

leuk 

white 

proet 

rectum 

eosto 

ribs 

maero 

large, big 

pseudo 

false 

eysto 

bladder 

mal 

bad, poor 

psyeh 

mind 

eyto 

eell 

mast 

breast 

pyei 

pelvis of the 

demi 

half 

medio 

middle 


kidney 

derma 

skin 

mega, megalo 

large, great 

pyo 

pus 

dis 

from 

meno 

menses 

pyro 

fever, heat 

dorso 

baek 

mono 

single 

quadri 

four 

dys 

abnormal, 

multi 

many 

radio 

radiation 


difficult 

myelo 

bone marrow, 

re 

baek, again 

eleetro 

eleetrie 


spinal eord 

reno 

kidney 

en 

into, in, within 

myo 

muscle 

retro 

backward 

eneephal 

brain 

neo 

new 

rhin 

nose 

entero 

intestine 

nephro 

kidney 

saero 

saemrn 

equi 

equal 

neuro 

nerve 

salpingo 

fallopian tube 

eryth 

red 

nitro 

nitrogen 

sareo 

flesh 

ex 

out, out of, 

noet 

night 

selero 

hard, 


away from 

non 

not 


hardening 
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Word Roots, Prefixes, and Suffixes (continued) 


Word 

element Meaning 


semi 

half 

sex 

six 

skeleto 

skeleton 

steno 

narrowing, 


eonstrietion 

sub 

under 

super 

above, excess 

supra 

above 

syn 

together 

taehy 

fast 

thyro 

thyroid, gland 

traehe 

traehea 

trans 

aeross, over 

tri 

three 

ultra 

beyond 

un 

not, baek 


reversal 

uni 

one 

uretero 

ureter 

urethro 

urethra 

uro 

urine, urinary 


organs 

vaso 

vessel 


Word 

element 

Meaning 

Suffixes 

able 

able to 

algia 

pain 

eele 

tumor, swelling 

eentesis 

surgical 
puncture to 
remove fluid 

eide 

killing, 

destructive 

cule 

little 

eyte 

eell 

eetasia 

dilating, 

stretehing 

eetomy 

excision, 
surgical 
removal of 

emia 

blood 

esis 

aetion 

form 

shaped like 

genesis, 

formation, 

genetie 

origin 

gram 

traeing, mark 

graph 

writing 

ism 

eondition 

itis 

inflammation 

ize 

to treat 

lith 

stone, calculus 

lithiasis 

presenee of 
stones 

lysis 

disintegration 

megaly 

enlargement 

meter 

instrument that 

measures 


Word 

element 

Meaning 

oid 

likeness, 

oma 

resemblanee 

tumor 

opathy 

disease of 

orrhaphy 

surgical repair 

osis 

disease, 

ostomy 

eondition of 
to form an 

otomy 

opening or 
outlet 
to ineise 

pexy 

fixation 

phage 

ingesting 

phobia 

fear 

plasty 

plastie 

plegia 

surgery 

paralysis 

rhage 

to burst forth 

rhea 

excessive 

rhexis 

diseharge 

rupture 

seope 

lighted 

seopy 

instmment for 
visual 

examination 
to examine 

stomy 

visually 
to form an 

tomy 

opening 
ineision into 

uria 

urine 

zyme 

ferment 


Sources: Courtesy of Margaret Ling, Direetor of Voeational Nursing, Santa Rosa Junior College, Santa Rosa, Calif.; Kozier, B., G. Erb, A. J. Berman, 
and K. Burke: Fundamentals of Nursing: Ooneepts and Procedures, sixth ed., Prentiee Hall, 2000. Llsed by permission. 
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Periodie Table of the Elements* 


Representative 
-(main group)- 
elements 


Representative 
(main group) 
elements 



VIIIA 


1 

1 

H 

1.0079 

IIA 


Periodie Table of the Elements 



IIIA 

IVA 

VA 

VIA 

VIIA 

2 

He 

4.003 


3 

4 











5 

6 

7 

8 

9 

10 

2 

Li 

Be 











B 

e 

N 

0 

F 

Ne 


6.941 

9.012 




TmnoitÍAn mA+olf' 





10.811 

12.011 

14.007 

15.999 

18.998 

20.180 


11 

12 





iransmon meiais ■ 






13 

14 

15 

16 

17 

18 

3 

Na 

Mg 


IIIB 

IVB 

VB 

VIB 

VIIB 


VIIIB 

i 


IB 

IIB 


Al 

Si 

P 

S 

Cl 

Ar 


22.990 

24.305 


1 


1 


26.982 

28.086 

30.974 

32.065 

35.453 

39.948 


19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

4 

K 

Ca 

Se 

Ti 

V 

Cr 

Mn 

Fe 

Co 

Ni 

Cu 

Zn 

Ga 

Ge 

As 

Se 

Br 

Kr 


39.098 

40.078 

44.956 

47.867 

50.942 

51.996 

54.938 

55.845 

58.933 

58.69 

63.546 

65.38 

69.723 

72.64 

74.922 

78.96 

79.904 

83.8 


37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

5 

Rb 

Sr 

Y 

Zr 

Nb 

Mo 

Tc 

Ru 

Rh 

Pd 

Ag 

Cd 

In 

Sn 

Sb 

Te 

1 

Xe 


85.468 

87.62 

88.906 

91.224 

92.906 

95.96 

98 

101.07 

102.906 

106.42 

107.868 

112.411 

114.82 

118.71 

121.76 

127.60 

126.905 

131.29 


55 

56 

57 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

6 

Cs 

Ba 

La 

Hf 

Ta 

W 

Re 

Os 

Ir 

Pt 

Au 

Hg 

Tl 

Pb 

Bi 

Po 

At 

Rn 


132.905 

137.327 

138.906 

178.49 

180.948 

183.84 

186.207 

190.23 

192.22 

195.08 

196.967 

200.59 

204.383 

2072 

208.980 

209 

210 

222 


87 

88 

89 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 


118 

7 

Fr 

Ra 

Ac 

Rf 

Db 

Sg 

Bh 

Hs 

Mt 

Ds 

Rg 

Cn 

Uut 

Uuq 

Uup 

Uuh 


Uuo 


223 

226 

227 

267 

268 

271 

272 

270 

276 

281 

280 

285 

284 

289 

288 

293 


294 


Rare earth elements 


Lanthanides 

58 

Ce 

140.116 

59 

Pr 

140.908 

60 

Nd 

144.24 

61 

Pm 

145 

62 

Sm 

150.36 

63 

Eu 

151.964 

64 

Gd 

157.25 

65 

Tb 

158.925 

66 

Dy 

162.5 

67 

Ho 

164.93 

68 

Er 

167.26 

69 

Tm 

168.934 

70 

Yb 

173.054 

71 

Lu 

174.967 


90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

Aetinides 

Th 

Pa 

U 

Np 

Pu 

Am 

Cm 

Bk 

Cf 

Es 

Fm 

Md 

No 

Lr 


232.038 

231.036 

238.029 

237.048 

244 

243 

247 

247 

251 

252 

257 

258 

259 

262 


The periodie table arranges elements aeeording to atomie num- 
ber and atomie weight into horizontal rows ealled periods and 
18 vertieal eolmnns ealled groups or families. The elements in 
the groups are elassified as being in either A or B elasses. 

Elements of eaeh group of the A series have similar 
ehemieal and physieal properties. This refleets the faet that 
members of a particular group have the same number of va- 
lenee shell eleetrons, which is indieated by the number of the 
group. For example, group IA elements have one valenee 
shell eleetron, group IIA elements have two, and group VA 
elements have five. In eontrast, as you progress aeross a period 
from left to right, the properties of the elements ehange in dis- 
erete steps, varying gradually from the very metallie properties 
of groups IA and IIA elements to the nonmetallie properties 


*Atomic weights of the elements per IUPAC Commission on isotopie 
Abundances and Atomie Weights, 2007. 


seen in group VIIA (ehlorine and others), and finally to the in- 
ert elements (noble gases) in group VIIIA. This ehange refleets 
the continual inerease in the number of valenee shell eleetrons 
seen in elements (from left to right) within a period. 

Class B elements are referred to as transition elements. 
All transition elements are metals, and in most eases they 
have one or two valenee shell eleetrons. (In these elements, 
some eleetrons occupy more distant eleetron shells before 
the deeper shells are filled.) 

In this periodie table, the eolors are used to eonvey in- 
formation about the phase (solid, liquid, or gas) in which a 
pure element exists under standard eonditions (25 degrees 
eentigrade and 1 atmosphere of pressure). If the element’s 
symbol is solid blaek, then the element exists as a solid. If 
its symbol is red, then it exists as a gas. If its symbol is dark 
blue, then it is a liquid. If the element’s symbol is green, the 
element does not exist in nature and must be ereated by 
some type of nuclear reaetion. 






































































Appendix C 


Key Information about Vitamins and Many Essential Minerals 


Vitamin/ Primary 

mineral functions 


Reeommended 

intake 


Reliable food 
sources 


Toxicity/deficiency 

symptoms 


Fat-Soluble 


A (retinol, 
retinal, 
retinoie aeid) 


Required for ability of eyes 
to adjust to ehanges in light 
Proteets eolor vision 
Assists eell differentiation 
Required for sperm produc- 
tion in men and fertilization 
in vvomen 

Contributes to healthy bone 
Contributes to healthy 
immune system 


D (eholeeal- Regnlates blood calcium levels 

eiferol) Maintains bone health 

Assists eell differentiation 


E (toeoph- 
erol) 


K (phyllo- 
quinone, 
menaquinoe, 
menadione) 


As a powerful antioxidant, 
proteets eell membranes, 
polyunsaturated fatty aeids, 
and vitamin A from oxidation 
Proteets white blood eells 
Enhanees immiine function 
improves absorption of 
vitamin A 

Serves as a eoenzyme during 
prodnetion of speeifie pro- 
teins that assist in blood eoag- 
nlation and bone metabolism 


Water-Soluble 


Thiamine Required as enzyme eofaetor 

(vitamin B x ) for earbohydrate and amino 

aeid metabolism 


Riboflavin Required as enzyme eofaetor 

(vitamin B 2 ) for earbohydrate and fat 

metabolism 


Niaein, Required for earbohydrate 

nieotinamide, and fat metabolism 

nieotinie aeid Plays role in DNA replieation 

and repair and eell 
differentiation 


RDA: 

Men: 900 pg/day 
Women: 700 pg/day 
UL: 3,000 pg/day 


AI (assrimes that person 
does not get adequate sun 
exposure): 

Adult aged 19 to 30: 

5 pg/day 

Adult aged 50 to 70: 

10 pg/day 

Adult aged >70: 15 pg/day 
UL: 50 pg/day 

RDA: 

Men: 15 mg/day 
Women: 15 mg/day 
UL: 1,000 mg/day 


AI: 

Men: 120 pg/day 
Women: 90 pg/day 


RDA: 

Men: 1.2 mg/day 
Women: 1.1 mg/day 


RDA: 

Men: 1.3 mg/day 
Women: 1.1 mg/day 

RDA: 

Men: 16 mg/day 
Women: 14 mg/day 
UL: 35 mg/day 


Preformed retinol: Beef and 
ehieken liver, egg yolks, milk 
Carotenoid precursors: 
Spinaeh, earrots, mango, 
aprieots, cantaloupe, pump- 
kin, yams 


Canned salmon and maek- 
erel, milk, fortified eereals 


Sunflower seeds, almonds, 
vegetable oils, fortified 
eereals 


Kale, spinaeh, turnip greens, 
bmssels sprouts 


Pork, fortified eereals, 
enriehed riee and pasta, 
peas, tuna, legumes 


Beef liver, shrimp, milk and 
dairy foods, fortified eereals, 
enriehed breads and grains 

Beef liver, most cuts of 
meat/fish/poultry, fortified 
eereals, enriehed breads 
and grains, eanned tomato 
products 


Toxicity: Fatigne; bone 
and joint pain; spontaneous 
abortion and birth defeets of 
fetuses in pregnant women; 
nausea and diarrhea; liver 
damage; blurred vision; hair 
loss; skin disorders 
Defieieney: Night blindness, 
xerophthalmia; impaired 
growth, imrmmity, and 
reproductive function 

Toxicity: Hyperealeemia 
Defieieney: Riekets in ehil- 
dren; osteomalaeia and/or 
osteoporosis in adults 


Toxicity: Rare 
Defieieney: Hemolytie 
anemia; impairment of nerve, 
muscle, and imimme function 


Toxicity: None known 
Defieieney: Impaired blood 
elotting; possible effeet on 
bone health 


Toxicity: None known 
Defieieney: Beriberi; fatigne, 
apathy, deereased memory, 
confusion, irritability, muscle 
weakness 

Toxicity: None known 
Defieieney: Ariboflavinosis; 
swollen mouth and throat; 
seborrheie dermatitis; anemia 

Toxicity: Flnshing, liver 
damage, glucose intoleranee, 
blurred vision differentiation 
Defieieney: Pellagra; vomit- 
ing, eonstipation, or diar- 
rhea; apathy 
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Appendix C 


Key Information about Vitamins and Many Essential Minerals 

(continued) 


Vitamin/ Primary 

mineral functions 


Reeommended Reliable food 

intake sources 


Toxicity/deficiency 

symptoms 


Water-Soluble 


Pyridoxine, 

Required as enzyme eofaetor 

RDA: 

Chickpeas (garbanzo beans), 

pyridoxal, 

for earbohydrate and amino 

Men and women aged 19 to 

most cuts of meat/fish/poul- 

pyridoxam- 

aeid metabolism 

50: 1.3 mg/day 

try, fortified eereals, white 

ine (vitamin 

V 

Assists synthesis of blood eells 

Men aged >50: 1.7 mg/day 
Women aged >50: 1.5 mg/day 
UL: 100 mg/day 

potatoes 

Folate (folie 

Required as enzyme eofaetor 

RDA: 

Fortified eereals, enriehed 

aeid) 

for amino aeid metabolism 

Men: 400 pg/day 

breads and grains, spinaeh, 


Required for DNA synthesis 

Women: 400 pg/day 

legumes (lentils, ehiekpeas, 


Involved in metabolism of 

UL: 1,000 pg/day 

pinto beans), greens (spinaeh, 


homoeysteine 


romaine lettuce), liver 

Cobalamin 

Assists with formation of 

RDA: 

Shellfish, all cuts of 

(vitamin B 12 ) 

blood 

Men: 2.4 pg/day 

meat/fish/poultry, milk and 


Required for healthy nervoris 
system function 

Involved as enzyme 
eofaetor in metabolism of 

Women: 2.4 pg/day 

dairy foods, fortified eereals 


homoeysteine 



Pantothenie 

Assists with fat metabolism 

AI: 

Meat/fish/poultry, shiitake 

aeid 


Men: 5 mg/day 

mushrooms, fortified eereals, 



Women: 5 mg/day 

egg yolk 

Biotin 

Involved as enzyme eofaetor 

RDA: 

Nuts, egg yolk 


in earbohydrate, fat, and 

Men: 30 pg/day 



protein metabolism 

Women: 30 pg/day 


Aseorbie 

Antioxidant in extracellular 

RDA: 

Sweet peppers, eitrris frnits 

aeid 

fluid and lungs 

Men: 90 mg/day 

and juices, broeeoli, straw- 

(vitamin C) 

Regenerates oxidized 

Women: 75 mg/day 

berries, kiwi 


vitamin E 

Smokers: 35 mg more per 



Assists with eollagen synthesis 

day than RDA 



Enhanees immrme function 
Assists in synthesis of hor- 
mones, neurotransmitters, 
and DNA 

Enhanees iron absorption 

UL: 2,000 mg 


Major Minerals 



Sodium 

Fluid balanee 

AI: 

Table salt, piekles, most 


Aeid-base balanee 

Adults: 1.5 g/day 

eanned soups, snaek foods, 


Transmission of nerve 

(1,500 mg/day) 

cured lrmeheon meats, 


impulses 

Muscle eontraetion 


eanned tomato products 

Potassium 

Fluid balanee 

AI: 

Most fresh fmits and vegeta- 


Transmission of nerve 

Adults: 4.7 g/day (4,700 

bles: potatoes, bananas, 


imprilses 

mg/day) 

tomato juice, orange juice, 


Muscle eontraetion 


melons 

Phosphoms 

Fluid balanee 

RDA: 

Milk/cheese/yogurt, soy milk 


Bone formation 

Adults: 700 mg/day 

and tofu, legrimes (lentils, 


Component of ATP, which 


blaek beans), nuts (almonds, 


provides energy for 


peanrits and peanut butter), 


our bodies 


poultry 


Toxicity: Nerve damage, skin 
lesions 

Defieieney: Anemia; sebor- 
rheie dermatitis; depression, 
eonfhsion, and convulsions 

Toxicity: Masks symptoms of 
vitamin B () defieieney, speeif- 
ieally signs of nerve damage 
Defieieney: Maeroeytie ane- 
mia; neural tube defeets in a 
developing fetus; elevated 
homoeysteine levels 

Toxicity: None known 
Defieieney: Pernicious ane- 
mia; tingling and numbness 
of extremities; nerve dam- 
age; memory loss, disorien- 
tation, and dementia 

Toxicity: None known 
Defieieney: Rare 

Toxicity: None known 
Defieieney: Rare 

Toxicity: Nausea and diar- 
rhea, nosebleeds, inereased 
oxidative damage, inereased 
information of kidney stones 
in people with kidney disease 
Defieieney: Scurvy; bone 
pain and fractures, depres- 
sion, and anemia 


Toxicity: Water retention, 
high blood pressure, loss of 
calcium in urine 
Defieieney: Muscle eramps, 
dizziness, fatigue, nausea, 
vomiting, mental confusion 

Toxicity: Muscle weakness, 
vomiting, irregular heartbeat 
Defieieney: Muscle weak- 
ness, paralysis, mental eon- 
fusion, irregular heartbeat 

Toxicity: Muscle spasms, 
convulsions, low blood 
calcium 

Defieieney: Muscle weak- 
ness, muscle damage, bone 
pain, dizziness 



Appendix C 


Key Information about Vitamins and Many Essential Minerals 

(continued) 


Vitamin/ Primary 

mineral functions 


Reeommended 

intake 


Reliable food 
sources 


Toxicity/deficiency 

symptoms 


ehloride Fluid balanee 

Transmission of nerve 
impulses 

Component of stomaeh 
heartbeat acid(HCL) 
Antibaeterial 

Calcium Primary eomponent of bone 

Aeid-base balanee 
Transmission of nerve 
impulses 

Muscle eontraetion 


Magnesirim Component of bone 

Muscle eontraetion 
Assists more than 300 
enzyme systems 


Sulfur Component of eertain 

B vitamins and amino aeids 
Aeid-base balanee 
Detoxification in liver 

Traee Minerals 

Selenirim Required for earbohydrate 

and fat metabolism 


Flrioride Development and mainte- 

nanee of healthy teeth and 
bones 


Iodine Synthesis of thyroid 

hormones 

Temperature regrilation 
Reproduction and growth 

Chromium Glucose transport 

Metabolism of DNA and 
RNA 

Immrme function and 
growth 


AI: 

Adults: 2.3 g/day (2,300 
mg/ day) 


AI: 

Adults aged 19 to 50: 

1,000 mg/day 
Adults aged >50: 1,200 
mg/day 

UL: 2,500 mg/day 
RDA: 

Men aged 19 to 30: 

400 mg/day 

Men aged >30: 420 mg/day 
Women aged 19 to 30: 

310 mg/day 
Women aged >30: 320 
mg/ day 

UL: 350 mg/day 
No DRI 


RDA: 

Adults: 55 pg/day 
UL: 400 pg/day 


RDA: 

Men: 4 mg/day 

Women: 3 mg/day 

UL: 2.2 mg/day for ehildren 

aged 4 to 8; 10 mg/day for 

ehildren aged >8 

RDA: 

Adnlts: 150 pg/day 
UL: 1,100 pg/day 


AI: 

Men aged 19 to 50: 

35 pg/day 

Men aged >50: 30 pg/day 
Women aged 19 to 50: 

25 pg/day 

Women aged >50: 20 pg/day 


Table salt 


Milk/yogurt/ eheese 
(best-absorbed form of 
calcium), sardines, eollard 
greens and spinaeh, 
calcium-fortified juices 

Greens (spinaeh, kale, eol- 
lard greens), whole grains, 
seeds, nuts, legrimes (navy 
and blaek beans) 


Protein-rieh foods 


Nuts, shellfish, 
meat/fish/poultry, whole 
grains 


Fish, seafood, legrimes, 
whole grains, drinking water 
(variable) 


Iodized salt, saltwater 
seafood 


Whole grains, 
brewers yeast 


Toxicity: None known 
Defieieney: Dangerous blood 
aeid-base imbalanees, 
irregular heartbeat 


Toxicity: Mineral imbalanees, 
shoek, kidney failure, 
fatigue, mental eonfrision 
Defieieney: Osteoporosis, 
convulsions, heart failure 

Toxicity: None known 
Defieieney: Low blood eal- 
cium, muscle spasms or 
seizures, nausea, weakness, 
inereased risk of ehronie dis- 
eases such as heart disease, 
hypertension, osteoporosis, 
and type 2 diabetes 

Toxicity: None known 
Defieieney: None known 


Toxicity: Brittle hair and 
nails, skin rashes, nausea 
and vomiting, weakness, 
liver disease 

Defieieney: Speeifie forms of 
heart disease and arthritis, 
impaired immrme frmetion, 
muscle pain and wasting, 
depression, hostility 

Toxicity: Flriorosis of teeth 
and bones 

Defieieney: Dental earies, 
low bone density 


Toxicity: Goiter 
Defieieney: Goiter, hypothy- 
roidism, eretinism in infant 
of mother who is iodine 
defieient 

Toxicity: None known 
Defieieney: Elevated blood 
glrieose and blood lipids, 
damage to brain and 
nervoris system 
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Key Information about Vitamins and Many Essential Minerals 

(continued) 


Vitamin/ 

Primary 

Reeommended 

Reliable food 

Toxicity/deficiency 

mineral 

functions 

intake 

sources 

symptoms 

Manganese 

Assists many enzyme 
systems 

Synthesis of protein found in 
bone and eartilage 

AI: 

Men: 2.3 mg/day 

Women: 1.8 mg/day 

UL: 11 mg/day adults 

Whole grains, nuts, leafy 
vegetables, tea 

Toxicity: Impairment of neu- 
romuscular system 
Defieieney: Impaired growth 
and reproductive function, 
redrieed bone density, 
Impaired glucose and lipid 
metabolism, skin rash 

Iron 

Component of hemoglobin 
in blood eells 

Component of myoglobin in 
muscle eells 

Assists many enzyme 
systems 

RDA: 

Adult men: 8 mg/day 

Women aged 19 to 50: 

18 mg/day 

Women aged >50: 8 mg/day 

Meat/fish/poultry (best- 
absorbed form of iron), 
fortified eereals, legrimes, 
spinaeh 

Toxicity: Nausea, vomiting 
and diarrhea; dizziness, 
eonfrision; rapid heartbeat, 
organ damage, death 
Defieieney: Iron-defieieney 
mieroeytie (small red blood 
eells), hypoehromie anemia 

Zine 

Assists more than 

100 enzyme systems 

Immune system function 
Growth and sexual 
maturation 

Gene regulation 

RDA: 

Men: 11 mg/day 

Women: 8 mg/day 

UL: 40 mg/day 

Meat/fish/ poriltry 
(best-absorbed form of zine), 
fortified eereals, legrimes 

Toxicity: Nausea, vomiting, 
and diarrhea; headaehes, 
depressed immrme frmetion, 
redrieed absorption of 
eopper 

Defieieney: Growth retarda- 
tion, delayed sexual matura- 
tion, eye and skin lesions, 
hair loss, inereased ineidenee 
of illness and infeetion 

Copper 

Assists many enzyme 
systems 

Iron transport 

RDA: 

Adults: 900 pg/day 

UL: 10 pg/day 

Shellfish, organ meats, nuts, 
legrimes 

Toxicity: Nausea, vomiting, 
and diarrhea, liver damage 
Defieieney: Anemia, 
redneed levels of white 


blood eells, osteoporosis in 
infants and growing ehildren 


*Abbreviations: RDA, Reeommended Dietary Allowance; UL, upper limit; Al, adequate intake. 

Source: Thompson, J., M. Manore, and L. Vaughan: The Seienee of Nutrition, seeond ed., Benjamin Cummings, 2011. Used by permission. 



Appendix D 


Ansvvers to Did You Get It? Questions and Multiple Choice 
Revievv Questions 


ehapter 1 

Did You Get It? 

1. Anatomy and physiology are related. A given function 
ean occur only if the eorresponding structure allows it. 

2. False. They are all topies of physiology. 3. The stomaeh 
exhibits the organ level of structural organization. Glucose 
is at the ehemieal level. 4. These organs are part of the 
respiratory system. 5. Srirvival also depends on the ability 
to maintain one’s bormdaries, to move, to respond to stim- 
uli, and to reprodriee. 6 . All the ehemieal reaetions that 
occur in the body and release food energy require oxygen. 
7. No. We mean that they vary within a narrow and regu- 
lated range. 8 . Thirst is part of a negative feedbaek sys- 
tem. Thirst prods us to drink fluids (the response), which 
in turn causes the thirst sensation to deerease and end. 
Were it a positive feedbaek meehanism, we would beeome 
even more thirsty (the stimulus for drinking would 
inerease). 9. Most deseriptions of the body using anatomi- 
eal terminology refer to body regions as if the body is in 
the anatomieal position regardless of its actual position. 

10. The axillary region is the armpit. The aeromial region 
is the point of the shoulder. 11. To separate the thoraeie 
and abdominal eavities, yori would make a transverse 
seetion (eross seetion). 12. Of these organs, only the 
spinal eord is in the dorsal body eavity. 13. Joe might 
have appendieitis. 

Revievv Questions 

1. d; 2. a, b, e, d; 3. e; 4. sriperior, deep, proximal, lateral, 
medial, posterior; 5. 1-e, 2-e, 3-i, 4-f, 3-h, 6-a, 7-b, 8-d, 9-g; 

6. C; 7. C; 8. e 

ehapter 2 

Did You Get It? 

1. Matter is the sribstanee of living and nonliving objeets. 
Energy is the mover of the sribstanee—the ability to do 
work. 2. Eleetrieal energy. 3. Potential energy and kinetie 
energy, respeetively. 4. Every time energy ehanges from 
one form to another, some heat is given off to the environ- 
ment (is lost) and is rmrisable. 5. Carbon, oxygen, hydro- 
gen, and nitrogen. 6 . An atom is the smallest partiele of an 
element that still retains the element’s properties. 7. The 
atom’s atomie number (#p) is 4; its atomie mass number 


(#n + p) is 9. 8. Radioisotope. 9. A moleerile is two or 
more atoms ehemieally bormd together. 10. A moleerile of 
an element is a ehemieal eombination of two or more atoms 
of the same kind. In a moleerile of a eompormd, the atoms 
differ. 11 . In ionie bonds, eleetrons are eompletely trans- 
ferred from one atom to another. In eovalent bonds, the 
interaeting atoms share one or more eleetron pairs. 

12. Hydrogen bonds. 13. It is a deeomposition reaetion. 

14. A reversible reaetion is shown by dorible reaetion ar- 
rows. 15. The high heat eapaeity of water prevents rapid 
ehanges in body temperatrire. 16. Aeids are proton donors. 
17. A pH of 11 is basie. 18. All ehemieal reaetions in the 
body take plaee in a watery environment. 19. They 
eondriet an eleetrieal erirrent when dissolved in water. 

20. The strrietriral rmits of earbohydrates are monosae- 
eharides. Those of lipids are glyeerol and fatty aeids. 

21. Phospholipids are the most abrmdant lipids in eellrilar 
membranes. 22. Dehydration synthesis. 23. A ehain of 
amino aeids. 24. Fibroris proteins. 25. The enzyme is able 
to bind with its substrate(s). 26. DNA eontains the bases 
A, T, G, and C, and the srigar deoxyribose. 27. ATP is the 
immediately risefril form of energy for all body eells. 

Revievv Questions 

1. a, e, d; 2. a, e, e; 3. a, b, e, d, e; 4. e, e; 5. b, e; 6. a; 

7. a, b, e, d, e; 8. e; 9. a; 10. a, e, d 

ehapter 3 

Did You Get It? 

1. Hooke’s a Cells” were jrist empty ehambers onee inhab- 
ited by eork eells. The erirrent meaning of “eell” is the 
(living) rinit of life. 2. What its eells ean do. 3. Plasma 
membrane = external barrier that regrilates what enters and 
leaves the eell. Cytoplasm = the area where most eell aetivi- 
ties oeerir. Nrieleris = eontrol eenter of the eell. 4. The 
generalized eell is a eoneept that deseribes organelles and 
frmetions eommon to all eells. 5. Nrieleoli are the sites of 
synthesis of ribosomes, which are important in protein syn- 
thesis. 6 . The phospholipids have both polar (heads) and 
nonpolar (tails) regions. Polar aligns with polar (water and 
other polar moleeriles inside and oritside the eell). Nonpolar 
aligns with nonpolar in the membrane interior. 7. They 

continued 
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Ansvvers to Did You Get It? Questions and Multiple Choice 

Revievv Questions (continued) 


act as reeeptors, determine blood type, and play a role in 
eell-to-eell interaetions. 8 . Communication and binding 
together, respeetively. 9. The eytosol is the liquid portion of 
the eytoplasm. Cytoplasm ineleides eytosol, organelles, and 
inclusions. 10. Lysosomes break down ingested baeteria, 
worn-out organelles, and dead eells. Peroxisomes detoxify a 
number of harmful toxic substances and disarm free radieals. 

11. Mitoehondria are the major site of ATP synthesis. The 
Golgi apparatus is the paekaging site. 12. Microtubules and 
mierofilaments are involved in eell mobility. 13. The basis of 
eentrioles is microtubules; that of mierovilli is a eore of aetin 
filaments. 14. Mierovilli inerease the eell surface for absorptive 
eells. 15. Fibroblasts and erythroeytes. 16. Neurons gather 
information and eontrol body functions. 17. Kinetie energy is 
the energy source for diffusion. 18. The eoneentration gradi- 
ent determines the direetion that water and sohites move by 
difhision. Movement is from high to low eoneentration of a 
given substance. 19. A ehannel protein is an opening formed 
by membrane proteins for difhision of eertain small sohites. 

A earrier protein undergoes shape ehanges that allow difhision 
of a speeifie substance through the membrane. 20. When the 
pump protein is phosphorylated, it ehanges shape. When K + 
binds, phosphate is released. 21. Phagoeytosis moves large 
partieles into the eell. 22. Reeeptor-mediated endoeytosis. 

23. DNA is double stranded. When it is replieated, eaeh 
strand serves as a template to build a eomplementary strand. 
Thus, if the template strand is ACT, the eomplementary strand 
formed at that site is TGA. 24. If eytokinesis does not occur, 
the result is a binucleate eell. 25. mRNA earries the eoded 
information for building proteins from the DNA gene to the 
ribosome where protein synthesis occurs. 26. Transeription 
and translation. Proteins are synthesized during translation. 

27. Cell shape and eell arrangement (layers) are the two 
eriteria used to elassify epithelium. 28. Exocrine glands have 
ducts that earry their seeretion (typieally a protein-eontaining 
seeretion other than hormones) to a free body surface. 
Endoerine glands produce only hormones and are 
ductless glands. 29. Can repair itself; eells have 
speeialized eell junctions. 30. Connective tissues differ 
from other tissues because of the nonliving matrix they 
produce and which surrounds their living eells. 31. The 
epiphyseal plates are growth plates. He won’t get any taller. 
32. Skeletal muscle. 33. Allows neurons to eontrol structures 
some distanee away. 34. Epithelieim and some eonneetive 
tissues remain mitotie. 35. Neoplasm means “new growth.” It 
is an abnormal growth or tumor. 36. Endoerine aetivity tends 
to deeline with age. 


Revievv Questions 

I. a; 2. C; 3. a, b, C; 4. e; 5. C; 6. C; 7. b; 8. b; 9. a; 10. a; 

II. a, b, d, e; 12 . e 

ehapter 4 

Did You Get It? 

1. Serous membranes line ventral body eavities elosed to the 
exterior. Mucous membranes line body eavities open to the 
exterior (respiratory, digestive, urinary, and reproductive or- 
gan eavities). 2. Parietal pleura, viseeral pleura, (lung), vis- 
eeral pleura, parietal pleura, parietal perieardirim, viseeral 
pericardium, (heart). 3. Lining a fibrous capsule surrounding 
a joint. 4. The skin is the epithelial membrane that eovers 
the body surface. Cutaneous membrane is a synonym for 
skin, as is integument, which means eovering. The integu- 
mentary system is the skin and its derivatives (nails, hair, 
glands). 5. Any three of the fimetions listed in Table 4.1. 

6 . Keratinoeytes are the most abundant eell type in the epi- 
dermis. 7. The stratum basale. 8. The strateim corneum. 

9. Just the epidermis. 10. Melanin, earotene, and hemoglobin 
all contribute to skin eolor. 11. Cuticle, cortex, and medrilla. 

12. Sebum is an oily seeretion of the sebaceous glands. 

13. Both are dilute salt sohitions eontaining vitamins and 
wastes. Apoerine seeretion also eontains proteins and fatty 
aeids. 14. No, the nail won’t regrow because the growth re- 
gion (nail matrix) is torn off. 15. Loss of body fhiids eontain- 
ing needed proteins and eleetrolytes, resulting in circulatory 
shoek, and overwhelming infeetion. 16. First-degree burns 
are red and swollen but usually heal in 2-3 days; only epi- 
dermal damage. Seeond-degree burns damage the epidermis 
and some of the dermis; blisters appear but epithelial regen- 
eration ean occur. Third-degree burns destroy the entire skin 
thiekness. The burn is gray and painless; must graft. 17. A, 

B, C, D. 18. Sun exposure. 19. Because stratum corneum 
eells are dead. 20. Loss of subcutaneous fat. 21. The 
sebaceous glands of the baby. 

Revievv Questions 

1. e; 2. b, e; 3. e, e; 4. e; 5. a, e, d; 6. d; 7. e; 8. a; 9. 1-e, 
2-d, 3-f, 4-b, 5-g, 6-e 

ehapter 5 

Did You Get It? 

1. Muscles use bones as levers to bring about body move- 
ments. 2. To provide a site for hematopoiesis and a storage 
site for minerals. 3. Most long bones are found in the limbs. 
4. Shaft = diaphysis; bone ends = epiphyses. 5. Compact 
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Ansvvers to Did You Get It? Questions and Multiple Choice 

Revievv Questions (continued) 


bones appear solid and very dense with few holes. Spongy 
bone areas look like the eross-beams of a house with lots of 
spaee between the bone spicules. 6 . They earry nutrients to 
the bone eells. 7. Membranes or eartilage. 8. The hormonal 
stimulus (PTH) maintains blood calcium homeostasis. 

9. Bones will beeome thinner and weaker because osteo- 
elasts are bone-destroying eells. 10. A fracture is a break in a 
bone. Compression and comminuted. 11. Skull, vertebral 
column, and bony thorax. 12. Eating or talking. These are 
the temporomandibular joints. 13. Maxillae. 14. Ethmoid 
bone. 15. Frontal joins with the parietals at the eoronal 
suture. Parietals join one another at the sagittal suture. 

16. Cervical, thoraeie, lumbar, saeral, eoeeygeal. 17. All typieal 
eervieal vertebrae are small, have holes in their transverse 
proeesses, and a split spinous proeess. Lumbar vertebrae are 
large, bloek-like vertebrae with a blunt spinous proeess that 
projeets direetly baek. They have a large body and no foram- 
ina in their transverse proeesses. 18. A true rib is attaehed 
direetly to the sternum by its own eostal eartilage. A false rib 
attaehes indireetly (by the eostal eartilage of a superior rib) 
or not at all. 19. Vertebrae. 20. Flat bones. 21. The axial 
skeleton forms the body axis and proteets the brain and 
viseera. The appendicular skeleton allows for mobility and 
manipulation of the external environment. 22. The elaviele 
attaehes medially to the sternum. 23. The humerus forms the 
skeleton of the arm. 24. Carpals are the short bones found 
in the wrist. 25. Radiris and ulna. 26. Ileum, ischium, and 
pubis form the hip bone. Eaeh peetoral girdle is formed by 
the scapula and elaviele. 27. The female pelvis is broader, 
lighter, has a less acute pubic angle, a wider inlet and outlet, 
and shorter isehial spines. 28. Tibia and fibula form the 
skeleton of the leg. 29. Flat feet. 30. The femur has those 
markings. 31. Joints eonneet bones together while allowing 
ffexibility of the body. 32. The material between the articu- 
lating bone ends, which is eonneetive tissue fibers in fibrous 
joints and eartilage in cartilaginous joints. 33. Lining a syno- 
vial joint capsule to provide a source of hibrieating fluid in 
the joint. 34. The shoulder and hip joints are ball-and-soeket 
joints. The earpometaearpal joint of the thumb is a saddle 
joint. 35. The thoraeie and saeral curvatures are present. 

36. At birth the newborn’s spine is an are (C-shaped), 
whereas an adult’s spine has two additional curvatures 
and is S-shaped. 37. Compression fracture; osteoporosis. 

38. Lower limbs and faeial skeleton grow most rapidly 
during ehildhood. 


Revievv Questions 

1. a, b, d; 2. d; 3. b; 4. d; 5. a, b, e, d, e; 6. d; 7. b, d; 

8. b, e, e; 9. b; 10. b; 11. 1-a, b, 2-a, 3-a, 4-a, 5-b, 6-e, 7-e, 
8-a, 9-e; 12 . 1-a, d, f; 2-b, e; 3-e 

ehapter 6 

Did You Get It? 

1. Skeletal muscle eells are long multinucleate eells with ob- 
vious striations. Cardiac eells are branehing, typieally uninu- 
eleate eells with less obvious striations but obvious junctions. 
Smooth muscle eells are spindle-shaped uninucleate 
eells, nonstriated. 2. Skeletal muscle. 3. Striped or having 
bands = striated. 4. Skeletal muscle movements ean be veiy 
forceful and rapid, whereas smooth muscle movements tend 
to be slow and often rhythmie. 5. The alignment of the 
bands on the myofilaments is responsible for the banding 
pattern in skeletal muscle eells. 6 . The axon ending of a mo- 
tor neuron and the sareolemma of the skeletal muscle eell. 

7. Sodium ions enter the eells during aetion potential genera- 
tion. 8 . Calcium ions trigger the sliding of the myofilaments. 

9. Pulling a bucket out of a well. 10. Phosphorylation of 
ADP by CP, stored ATP, and ATP generated by glucose oxida- 
tion. 11. Stored ATP. 12. Isometrie eontraetion 13. Oxygen 
defieit occurs when a person is not able to take in oxygen 
fast enough to keep his/her muscles supplied with all the 
oxygen they need when working vigorously. 14. Resistanee 
exercise leads to inereased muscle size. 15. Abduction. 

16. Flexion and extension. 17. They anehor or aid the 
aetivity of the prime mover. 18. Tibialis anterior—a muscle 
overlying the tibia anteriorly. Ereetor spinae—muscles that 
straighten the spine. Abdominis rectus-muscle that runs 
straight up the abdomen. 19. Circular. 20. Frontalis raises 
the eyebrows. 21. Masseter and temporalis are synergists in 
jaw closure. 22. Ereetor spinae. 23. It’s like plywood. The 
various abdominal muscles run in different direetions aeross 
the abdomen making the abdominal wall veiy strong. 

24. Latissimus dorsi. 25. Trieeps braehii. 26. Quadriceps on 
anterior thigh. 27. The medial gluteal site and the deltoid 
muscle of the shoulder. 28. Soleus and gastroenemiris. They 
plantar flex the foot. 29. Nerve fibers must be myelinated. 

30. Exercise defers or reduces the natural loss in muscle 
mass and strength that occurs in old age. 

Revievv Questions 

1. e, e; 2. a; 3. e; 4. d; 5. a, b, e, d; 6. a, b; 7. a, b, d; 

8 . a, b, d 
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Chapter 7 

Did You Get It? 

1. CNS = brain and spinal eord. PNS = nerves that extend to 
and from the CNS. 2. Astroeytes are the most numerous 
glial eells. Oligodendroeytes produce myelin. 3. Glial eells 
ean divide. Most neurons eannot. A eriterion of eaneer eells 
is their uncontrolled division. 4. A traet is a bundle of 
nerve fibers in the CNS. A nerve is a bundle of nerve fibers 
in the PNS. 5. A ganglion is a cluster of nerve eell bodies in 
PNS; a nucleus is a cluster of nerve eell bodies in the CNS. 

6 . Dendrites conduct imprilses toward the nerve eell body; 
the axon terminal releases nerirotransmitters. 7. The fiber 
that eondriets at 40 m/see. 8 . A graded potential is a loeal 
current that dies orit with distanee. An aetion potential is a 
erirrent that is eontinriorisly regenerated along the length of 
the axon and does not die orit. 9. ehemieally via the re- 
lease of a nerirotransmitter and binding of the nerirotrans- 
mitter to the postsynaptie membrane. 10. Dendrites. 11. A 
reflex is a rapid, predietable, and involrintary response to a 
stimulus. 12. Cerebral cortex, white matter, and basal nri- 
elei. 13. Mostly myelinated nerve fibers. 14. The brain 
stem eontrols vital aetivities. 15. The eerebelhim provides 
preeise timing for skeletal mrisele aetivity and helps eontrol 
orir balanee and equilibrium. 16. Dieneephalon. 

17. Ventrieles. 18. Blood-brain barrier. 19. Araehnoid 
mater. 20. Contusion. 21. Nerve eell bodies of interneri- 
rons and motor nerirons. 22. Sensory pathways are aseend- 
ing pathways. 23. Beearise the leash of nerve fibers there 
looks like a horse’s tail, the literal translation of earida 
equina. 24. Arormd eaeh nerve fiber. 25. Vagris nerves. 

26. Nerve plexus = complex network of nerves. 27. Seiatie 
nerve of the saeral plexus. 28. Viseeral organs (smooth and 
eardiae mriseles and glands) are served by the ANS. Skeletal 
mriseles are served by the somatie nervoris system. 29. The 
ANS has a two-motor neriron pathway from the CNS to the 
organ to be served. The somatie nervoris system has jrist 
one motor neriron in the motor pathway. 30. Sympathetie 
division. 31 . They are rmable to regrilate their body 
temperatrire rmtil the hypothalamris matrires. 32. It is a 
hypotension earised by a rapid ehange in position srieh as 
getting rip quickly from a reelining position. The sympa- 
thetie nervoris system, which regrilates blood pressrire, is 
less effieient in old age. 

Review Questions 

1. d; 2. b, e; 3. d; 4. d; 5. e; 6. 1-e, 2-d, 3-f, 4-b, 5-e, 6-h, 
7-a; 7. C; 8. C; 9. a, C; 10. a; 11. d; 12. d 


ehapter 8 

Did You Get It? 

1. The eyelids proteet the eyes. 2. Laerimal glands prodriee 
tears. 3. Tears are a dilrite saline solrition eontaining 
lysozyme and antibodies. 4. They direet the eyeball toward 
what yori wish to view. 5. The blind spot eontains no pho- 
toreeeptors; it is the site where the optie nerve leaves the eye- 
ball. 6 . Both eontain pigment, which prevents light seattering 
in the eye. 7. Rods have a rod-like oriter segment eontaining 
the photopigment whereas eones have a shorter eone-shaped 
oriter segment. Rods respond to low light eonditions and 
prodriee blaek and white vision; eones need bright light 
and provide eolor vision. 8 . Refraetory media inelride the 
eornea, aqueous hrimor, the lens, and vitreoris hrimor. 

9. Aeeommodation. 10. The optie nei*ves leave the eyeballs, 
and the medial half of the fibers of eaeh optie nerve eross over 
to the opposite side, joining there with the fibers from the 
oritside half of the opposite eye to form the optie traets. 11. It 
earises pripillary eonstrietion in veiy bright light. Intense light 
stimrilation ean injrire the photoreeeptors. 12. External and 
middle ears sei*ve hearing only. 13. The ossieles (hammer, 
anvil, and stirrrip). 14. Balanee or equilibrium. 15. Dynamie 
reeeptors loeated in the semieirerilar eanals (erista amprillaris). 

16. Otoliths are tiny stones made of ealeirim salts which are 
loeated in the maerilae of the vestibrile. They respond to statie 
equilibrium eries relative to the position of the head in spaee. 

17. Tympanie membrane to bones of ossieles to flriids of the 
eoehlear sealas. 18. Cochlear nei*ve (division of VIII eranial 
nerve). 19. Close to the oval window. 20. Sensorineriral 
deafness resrilts from damage to neriral strrietrires involved in 
hearing (eoehlear nei*ve, ariditoiy region of the brain), whereas 
eondrietive deafness resrilts from anything that prevents sormd 
vibrations from reaehing the eoehlea (eaiwax, frision of the 
ossieles, flriid in the middle ear). 21 . ehemoreeeptors, 
beearise they respond to ehemieals in solrition. 22. On the 
tongrie. 23. Odor reeeptors are loeated at the sriperior 
aspeet of the nasal eavity. Sniffing brings the air upward. 

24. Presbyopia. 25. Vision. 26. Deafness of old age. 

Review Questions 

1. d; 2. b, e; 3. b, d; 4. e; 5. b; 6. a, e; 7. a, b, e, d; 8. a, e; 
9. b; 10. a, b, e 

ehapter 9 

Did You Get It? 

1. The endoerine system delivers its eommands slowly via 
hormones earried by the blood. The nervoris system rises 
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Ansvvers to Did You Get It? Questions and Multiple Choice 

Revievv Questions (continued) 


rapid eleetrieal messages that are much faster, allowing you 
to lift your foot off the glass more quickly. 2. A hormone is a 
ehemieal messenger used by the endoerine system. The tar- 
get organ of a hormone is the speeifie eells or tissues that the 
hormone affeets. 3. Because it is not the initial messenger, a 
molecule that attaehes to a reeeptor on the eell’s plasma 
membrane and triggers the reaetions leading to synthesis of 
the seeond messenger in the eell. 4. Endoerine organs are 
stirmilated by hormones, by ehemieals other than hormones, 
and by the nervous system. 5. Endoerine glands are drietless 
and they release their hormone prodriets direetly into the in- 
tereellrilar flriid. Exocrine glands release their nonhormonal 
prodriets to an epithelial srirfaee via a driet. 6. Tropie hor- 
mones stimrilate eertain endoerine organs to seerete their 
hormones. 7. The posterior pitriitary is a storage and 
releasing area for hormones sent to it by the hypothalamris. 

8 . Diabetes insipidris, in which eopioris amormts of ririne are 
voided drie to hyposeeretion of ADH. 9. Frmetional thyroid 
hormone has iodine as part of its strrietrire. 10. The parathy- 
roid glands reside on the thyroid gland. 11. PTH prodrieed 
by the parathyroid glands inereases blood ealeirim levels. 

12. Calcitonin, prodrieed by the parafollicular eells of the thy- 
roid gland, redriees blood ealeirim levels. 13. Aldosterone 
stimrilates the kidneys to reabsorb more sodirim. 14. Sex 
hormones—mostly androgens. 15. Elevated beearise of her 
stress. When we are stressed, both glrieoeortieoids (adrenal 
eortieal hormones) and epinephrine and norepinephrine (ad- 
renal medullary hormones) are prodrieed in inereased 
amormts. Both sets of hormones promote a rise in blood glri- 
eose levels. 16. Insrilin stimrilates eellrilar riptake of glrieose. 

17. Melatonin, prodrieed by the pineal gland. 18. Thymosin 
programs the T lymphoeytes, which essentially direet orir im- 
mrine responses. 19. Estrogen 20. Stomaeh and small intes- 
tine. 21. Plaeenta. 22. Ovaries. 23. Growth hormone 
deeline resrilts in mrisele atrophy; estrogen deeline leads 
to osteoporosis. 

Revievv Questions 

1. d; 2. b; 3. a, e; 4. e; 5. a, b, d; 6. a, b, e, d; 7. a, b, e; 

8. b; 9. b 

ehapter 10 

Did You Get It? 

1. The liver is the major soriree of plasma proteins. 2. Eiyth- 
roeytes, leukocytes, and platelets. 3. The eolor of blood 


varies with the amormt of oxygen it is earrying. From most 
oxygen to least, the blood goes from searlet to blrie-red. 

4. Hemoglobin transports oxygen and a small amorint of 
earbon dioxide in the blood. 5. Lymphoeytes are the main 
aetors in body immrmity. 6 . Infeetion in the body earises an 
inerease in WBC eormt, thris 15,000/mm3. 7. Anemia. 8. The 
hemoeytoblast gives rise to all formed elements. 9. Laek of a 
nrieleris; therefore, they eannot earry orit transeription and 
translation to prodriee proteins (enzymes and others). 

10. The stem eell (megakaryoeyte) rindergoes mitosis many 
times, forming a large mriltinrielear eell, which then frag- 
ments into platelets. 11. Inaetivity, leading to blood pooling, 
and anything that rorighens or damages the lining of a blood 
vessel (laeeration, atheroselerosis, physieal trarima). 12. The 
self antigens (agglritinogens) the RBCs bear. 13. A transfri- 
sion reaetion in which the RBCs are lysed and hemoglobin 
enters the bloodstream, which may lead to kidney shutdown. 
14. O positive. 15. An antigen is a sribstanee foreign to the 
body which aetivates and is attaeked by the immrme system. 
An antibody is a protein released by immrine eells that binds 
with a speeifie antigen and inaetivates it in some way. 

16. Fetal HbF has a greater ability to bind oxygen and binds 
it more strongly than adrilt HbA. 17. Leukemia, pernieioris 
anemia, and elotting disorders are partierilarly eommon in 
the elderly. 

Revievv Questions 

1. a, b, d; 2. a, b, e, d; 3. d; 4. e; 5. d; 6. a; 7. b, e; 8. e; 

9. b, e, d; 10. a, d; 11. a; 12. a, b, d. 

ehapter 11 

Did You Get It? 

1. The heart is in the mediastinrim between the lrmgs. 2. The 
left ventriele, which primps blood throrigh the whole body, 
has the thiekest walls. 3. Prilmonary eirerilation strietly serves 
gas exchange. Oxygen is loaded and earbon dioxide is rm- 
loaded from the blood in the lrmgs. Systemie eirerilation pro- 
vides oxygen-laden blood to all body organs. 4. Heart valves 
keep blood flowing forward throrigh the heart. 5. The eoro- 
nary arteries supply the myoeardirim (eardiae mrisele) with 
oxygen. If that eirerilation fails, the heart fails. 6 . The intrinsie 
eondrietion system of the heart eoordinates the aetion of the 
heart ehambers and earises the heart to beat faster than it 
would otheiwise. 7. Left ventriele 8. The operation of the 
heart valves. 9. CO = amormt of blood primped orit by eaeh 


continued 
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Revievv Questions (continued) 


side of the heart in one minute. 10. Fever inereases the heart 
rate because the rate of metabolism of the eardiae muscle in- 
ereases. 11. Venous return. 12. It is a vein. 13. Blood pres- 
sure in veins is much lower than that in arteries beearise 
veins are farther along in the eirerilatory pathway. Henee, 
veins need extra measrires to foree blood baek to the heart. 

14. Capillary walls eonsist only of the innermost intima layer, 
which is very thin. Capillaries are the exchange vessels be- 
tween the blood and tissrie eells, thris thin walls are desir- 
able. 15. Lower limb. 16. Upper limb. 17. Hepatie portal 
vein. 18. The prilmonary eirerilation is mrieh shorter and re- 
quires a less powerful primp than the systemie eirerilation 
does. Prilmonary arteries earry oxygen-depleted/carbon diox- 
ide-rieh blood, whereas the prilmonary veins earry oxygen- 
rieh/earbon dioxide-depleted blood. The opposite is trrie of 
the arteries and veins of the systemie eirerilation. 19. The 
drietris venosris is a liver bypass in the fetris. Sinee the 
mother’s liver is working for the fetris as well, the entire liver 
need not be eontinriorisly perfrised with blood. 20. Radial 
artery at the wrist; femoral at the groin; eommon earotid at 
the side of the neek. 21 . It deereases from heart to venae 
eavae. 22. Hemorrhage redriees blood pressrire initially be- 
earise blood volrime drops. 23. Flriid enters the eapillary bed 
at its venoris end. 

Revievv Questions 

1. d; 2. b; 3. d; 4. a, C; 5. C; 6. a, C; 7. b; 8. a, C; 9. a, d; 
10. b; 11. a, c, d; 12. a; 13. a, b, C; 14. C; 15. b; 16. d; 

17. b; 18. a 

Chapter 12 

Did You Get It? 

1. Lymphatie vessels piek rip fluid and proteins leaked from 
the blood into the interstitial spaee. 2. Lymphatie eapillaries 
are blind-ended and not fed by arteries as blood eapillaries 
are. They also have flaplike minivalves that make them more 
permeable than blood eapillaries. 3. Partierilarly large eollee- 
tions of lymph nodes oeerir in the axillary, ingriinal, and eer- 
vieal regions. 4. The nrimber of afferent lymphatie vessels 
entering the node is greater than the nrimber of efferent ves- 
sels leaving the node at the hilrim. Therefore, lymph flow 
stagnates somewhat. 5. The spleen destroys worn orit RBCs. 
6 . The lymphoid tissrie assoeiated with the mrieosa—tonsils 
in the throat, and Peyer’s patehes in the intestinal walls—which 


aets to prevent pathogens from entering the body throrigh 
the mrieosa. 7. Innate defenses are nonspeeifie and always 
ready to proteet the body. They inelride intaet membranes 
(mrieosa, skin), inflammatory response, and several protee- 
tive eell types and ehemieals. Adaptive defenses mrist be pro- 
grammed and speeifieally target partierilar pathogens or anti- 
gens. 8. Redness, heat, swelling (edema), and pain. 9. It 
attaehes to foreign eells and when it is aetivated, membrane 
attaek complexes (MACs) are inserted in the foreign eell’s 
membrane and prodriee lesions that allow water entiy and 
earise lysis. 10. Vimses elieit interferon formation. 11. An 
antigen is a foreign sribstanee in the body. A self-antigen is a 
body protein, typieally displayed in the plasma membrane, 
that is foreign to anyone brit yorirself. 1 2. B lymphoeytes 
mount a hrimoral response by prodrieing antibodies. 

T lymphoeytes mormt the eellrilar response by aetivating 
B eells and cytotoxic T eells and stimrilating the inflammatory 
response. 13. In the thymris. 14. They are antigen pre- 
senters to the T eells. 15. Plasma eells make the brilk of anti- 
bodies made; their nrimber would be inereased. 16. This is 
the region that binds to the antigen. 17. IgA, a dimer. 

18. Neritralization oeerirs when antibodies attaeh to virrises 
or baeterial toxins, thereby bloeking the virris or toxin from 
injriring the body. 19. T eells have to bind to both an anti- 
genie partiele and to a self-protein on the antigen presenting 
eell. 20. The cytotoxic T eell inserts perforins (toxic ehemi- 
eals) into the foreign antigen’s plasma membrane, which 
then develops holes. Then granzymes, enzymes from the T 
eell’s eytoplasmie granriles, enter and kill the foreign eell. 

21. To slow or stop the immrine response onee the “enemy” 
has been conquered. 22. Allograft. 23. An overzealoris im- 
mrme response against an otherwise harmless sribstanee that 
earises injriry to the body. 24. In anaphylaetie shoek, re- 
leased histamine earises eonstrietion of the bronehioles, srid- 
den vasodilation, and flriid loss. 25. Abnormal prodrietion or 
frmetioning of immrme eells or eomplement. 26. Self- 
proteins that were not previorisly exposed to the immrme 
system appear in the circulation, or foreign antigens that 
resemble self-antigens arorise antibodies that attaek the 
self-antigens. 

Revievv Questions 

1 - C; 2. a; 3. b; 4. a, C; 5. a; 6. b, d; 7. C; 8. a, C; 9. b; 

10. b, d; 11. d; 12. a, b, e, d; 13. a 




Appendix D 


Ansvvers to Did You Get It? Questions and Multiple Choice 

Revievv Questions (continued) 


ehapter 13 

Did You Get It? 

1. Because the respiratory mucosa rests on thin-walled veins 
that warm the ineoming air, mucus produced by the mucous 
glands moistens the air and traps dust and baeteria. The oral 
mucosa performs none of these frinetions. 2 . Ciliated eells of 
the mucosa move the sheet of eontaminated mucus away 
from the lungs and toward the throat for swallowing. 3. Nasal 
eavity, pharynx, larynx, traehea, bronehi, bronehioles, alveoli. 
4. The right because it’s wider and straighter. 5. The 
passageways conduct air. The elastie tissue allows lungs to 
reeoil passively when exhaling, saving energy. 6 . Respiratory 
bronehiole, alveolar duct, alveolar sae, and individual alveoli. 
7. To exchange gases between the external environment and 
the blood—oxygen in, earbon dioxide out. 8 . Inereased air 
pressure in the lungs as they reeoil. 9. VC is largest; TV is 
smallest. 10. About 350 ml reaehes the alveoli. 11. His left 
lung eollapsed because the pressure in the intrapleural spaee 
(normally negative) beeame equal to atmospherie pressure. 

12. Diffrision. 13. As biearbonate ion. 14. Cyanosis is a 
bluish east to the skin and nails due to inadequate oxygena- 
tion of the blood. 15. The medulla. 16. Inereased C0 2 , 
which results in a drop in blood pH. 17. He has COPD, 
emphysema. 18. The lung alveoli will eollapse after every 
breath; IRDS. 

Revievv Questions 

1. d; 2. d; 3. b, C; 4. b; 5. b, C; 6. C; 7. b 

ehapter 14 

Did You Get It? 

1. Mouth, pharynx, esophagus, stomaeh, small intestine, 
large intestine, anus. 2. Protein digestion begins in the 
stomaeh. 3. Alkaline mucus proteets the stomaeh wall from 
being digested. Intrinsie faetor is needed for intestinal 
absorption of vitamin B 12 . 4. The pylorie sphineter. 5. Villi 
are extensions of the mucosa of the small intestine. They in- 
erease the surface area of the small intestine tremendously for 
nutrient absorption. 6 . Water absorption and absorption of 
some vitamins made by resident baeteria. 7. 32 permanent 
teeth. 8. Stareh. Saliva eontains salivary amylase. 9. Bile, 
seereted by the liver, aets as a detergent to meehanieally 
break up large fat masses into smaller ones for enzymatie 
digestion. 10. The panereas. 11. Ingestion, digestion, 
absorption, and defeeation. 12. Meehanieal digestion breaks 


food down physieally by squeezing and pummeling it. 
Chemical digestion uses enzymes to break the ehemieal 
bonds of the food molecules and release the units. 13. This is 
the vohmtary stage in which the chewed food is pushed into 
the pharynx by the tongue. 14. The main goal of segmenta- 
tion is to mix the food thoroughly, though some propulsion 
occurs. Peristalsis is a propulsive aetivity. 15. Food went 
down the air passageway (traehea) instead of the digestive 
passage (esophagus). 16. Pepsin, the main enzyme of the 
stomaeh, needs aeidie eonditions to work. 17. Amino aeids. 

18. CCK causes the panereas to seerete enzyme-rieh fluid and 
stimulates the gallbladder to eontraet and the duodenal 
papilla to open. 19. Enzymes loeated on the mierovilli of 
intestinal absorptive eells. 20. From plants—frnits, vegetables, 
and grains. 21 . It provides fiber, which is important for mov- 
ing feees along the eolon and defeeation. 22. Oils are unsatu- 
rated lipids. 23. Most are eoenzymes that work with enzymes 
to bring about metabolie reaetions. 24. Cellular respiration. 

25. Carbon dioxide and reduced eoenzymes. 26. Water and 
ATP. 27. Fats are used in synthesis of myelin sheaths and of 
eelhilar membranes, and as body insulation. 28. The liver 
eombines ammonia with earbon dioxide to form urea. Urea is 
then eliminated from the body in urine. 29. Making ghieose 
from nonearbohydrate molecules, e.g., fats and proteins. 

30. HDLs because they are headed baek to the liver for break- 
down and elimination from the body. 31 . Large surface area 
relative to vohime. 32. Vasoeonstrietion of blood vessels serv- 
ing the skin and shivering. 33. It deereases body temperature. 
34. Because it elogs the panereatie ducts so that panereatie 
enzymes eannot reaeh the small intestine, eystie fibrosis 
impairs food digestion, and fat digestion is virtually stopped, 
resulting in fatty stools and an inability to absorb fat-soluble 
vitamins. 35. A diet low in phenylalanine. 36. You gain 
weight (fat). 

Revievv Questions 

1. a, e, d; 2. b; 3. e; 4. 1-e, 2-h, 3-e, 4-b, 5-g, 6-a, 7-f, 8-d; 

5. d; 6. d; 7. b, d; 8. d; 9. d; 10. a; 11. b, d; 12. b; 13. e 

ehapter 15 

Did You Get It? 

1. Retroperitoneal = “behind or in baek of the peritoneum.” 

2. Fat helps keep the kidneys anehored against the body tmnk 
wall. When she lost weight, the amount of fat deereased and 
the kidneys fell to a lower position causing the ureter(s) to 


continued 
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Appendix D 


Ansvvers to Did You Get It? Questions and Multiple Choice 

Revievv Questions (continued) 


kink (ptosis) and inhibit urine flow. 3. Cortex, medulla, 
pelvis. 4. The nephron 5. The renal tubule earries out tubu- 
lar reabsorption and seeretion. The peritubular eapillaries re- 
eeive the fluid, nutrients, and needed ions to be returned to the 
general circulation. 6. It deereases it. 7. The speeifie gravity 
of urine is higher beearise it eontains more solrites than water 
8. The bladder 9. It allows the eavity of the bladder to be 
inereased in volrime to store more ririne when neeessary. 

10 . It is longer (8" vs. 1M") and it transports both ririne and 
semen. The female rirethra transports ririne only. 11. Voiding 
or rirination. 12. Excreting nitrogenoris wastes, maintaining 
aeid-base, water, and eleetrolyte balanee of the blood. 

13. Thirst. 14. Aldosterone inereases sodirim ion reabsorp- 
tion by the kidney tribriles, and water follows (if able). 

15. Osmoreeeptors are in the brain (hypothalamris) and they 
respond to ehanging (inereasing) solrite eontent (osmolarity) 
of the blood. 16. The homeostatie pH of blood in the 
body varies between 7.35 and 7.45. Any blood pH below 
7.35 is eonsidered too aeidie for normal body frinetion. 17. A 
weak base beearise a weak base will neritralize aeidity by 
tying rip only enorigh hydrogen ions to maintain a physiologi- 
eal pH, and there is no ehanee of overshoot and making the 
pH strongly basie. 18. It will inerease beearise water will be 
lost in sweat (and ririne). 19. Aeid-base balanee by the 
kidneys is maintained by excreting biearbonate ions and 
reabsorbing or generating new HC0 3 _ . 20. A eondition in a 
newborn baby boy in which the rirethral opening is on the 
ventral srirfaee of the penis. 21 . IJrgeney is the rirgent feel- 
ing that yori have to ririnate. Frequency is the eondition in 
which yori ririnate small amormts of ririne frequently. 

22. Shrinking of the ririnary bladder and loss of bladder tone. 

Revievv Questions 

1. d; 2. d; 3. C; 4. b, c, d; 5. a, b, C, d; 6. d; 7. C; 8. c 

ehapter 16 

Did You Get It? 

1 . The testes prodriee male gametes (sperm) and seerete sex 
hormones, mainly testosterone. 2. The seminiferoris tribriles 
prodriee sperm. 3. Epididymis, drietris deferens, ejaerilatory 
driet, and rirethra (prostatie, membranoris, and spongy 
regions). 4. To make the penis firm by allowing it to fill with 
blood, so that it ean serve as a penetrating deviee driring 
sexual aetivity. 5. Sperm are male gametes that fertilize the 


female’s “eggs.” Seminal flriid sei*ves as a transport medirim 
for sperm and varioris sribstanees that norirish and proteet the 
sperm or aid their movement. 6 . His prostate is probably 
hypertrophied. The prostate is immediately anterior to the 
reetrim and ean be examined digitally throrigh the anterior 
reetal wall. 7. FSH stimrilates spermatogenesis. 8. The final 
prodriet of mitosis is two diploid eells that are genetieally 
identieal to eaeh other and to the mother eell. The final prodriet 
of meiosis is forir eells eaeh with half the normal (diploid) nrim- 
ber of ehromosomes. Genetie variation is introdrieed by meio- 
sis. 9. Excess eytoplasm is disearded and what remains is 
eompaeted into the head, midpieee, and tail regions. Final 
matriration proeesses in the epididymis resrilt in inereased 
motility. 10. Lriteinizing hormone stimrilates testosterone pro- 
drietion. 11. Female gametes (eggs or ova). 12. The riterris 
sei*ves as an ineribator. The riterine (fallopian) tribes are the 
most eommon site of fertilization. 13. Vesierilar or Graafian 
folliele. 14. Polar bodies are also prodrieed. They deteriorate 
and die beearise they laek sristaining eytoplasm. 15. FSH 
promotes folliele development. 16. LH stimrilates ovrilation. 
17. Estrogen. 18. The frmetional layer of the endometririm is 
rebriilt. 19. Progesterone (1) earises the seeretory phase of 
the menstrrial eyele, (2) helps prepare the breasts for laeta- 
tion, and (3) helps quiet the riterine mrisele to maintain preg- 
naney. 20. A large pereentage (80%) of those who earry the 
altered gene(s) develop breast eaneer. 21. Geavage involves 
srieeessive divisions not separated by growth of the eells, so 
the eells get smaller with eaeh division. 22. The plaeenta pro- 
driees hormones of pregnaney, delivers nritrients and 
oxygen to the fetris, and removes wastes from the fetal blood. 

23. Driring pregnaney, many women have heartbrirn beearise 
the stomaeh is crowded by the riterris. Constipation is another 
problem beearise mobility of the digestive traet deereases. 
Nasal striffiness and diffierilty breathing are eommon. 

24. Dilation, expulsion, and plaeental stages. 25. XY; 
testosterone. 26. Cryptorchidism is failrire of the testes to 
deseend into the serotrim; if rineorreeted, the resrilt is 
infertility. 27. Vaginal infeetions (E. eoli, STIs, and frmgal 
infeetions) may lead to PID. Abnormal or painfril menses. 

Revievv Questions 

I. d; 2. a; 3. d; 4. d; 5. b; 6. b, e, d; 7. d; 8. a; 9. C; 10. b; 

II. d; 12. a, d; 13. a 
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Glossary 


Pronunciations in the text and this glossary 
use the following rnles: 

1. Aeeent marks follow stressed syllables. The 
primary stress is shown by ' and the see- 
ondary stress by ". 

2. IJnless otherwise noted, assume that vow- 
els at the ends of syllables are long and 
vowels followed by eonsonants are short. 
Exceptions to this rule are indieated by a 
bar (“) over the vowel, which indieates a 
long vowel, or a breve sign C) over the 
vowel, indieating that the vowel is short. 

For example, the phonetie spelling of 
“thrombophlebitis” is throm"bo-flé-bi' tis. The 
next-to-last syllable (bi') reeeives the greatest 
stress, and the first syllable ( throm'j gets the 
seeondary stress. The vowel in the seeond sylla- 
ble eomes at the end of the syllable and is long. 
The vowel that eomes at the end of the third 
syllable is short because it has a breve sign. 

Abdomen ab'do-men the portion of the 
body between the diaphragm and the pelvis. 

Abduct ab-dukt' to move away from the 
midline of the body. 

Abortion ah-bor' shun termination of a 
pregnaney before the embryo or fetus is viable 
outside the uterus. 

Absorption ab-sorp' shun passage of a 
substance into or aeross a blood vessel or 
membrane. 

Aeeommodation (1) adaptation in response 
to differenees or ehanging needs; (2) adjiistment 
of the eye for seeing objeets at elose range. 

Acetabulum as"è-tab' u-lum the cuplike 
eavity on the lateral surface of the hip bone 
that reeeives the head of the femur. 

Aeetyleholine (ACh) as"é-til-ko'len a ehemi- 
eal transmitter substance released by eertain 
nerve endings. 

Aehilles tendon ah-kil'éz ten'don the ten- 
don that attaehes the ealf muscles to the ealea- 
neus, or heel bone; also ealled the ealeaneal 
tendon. 

Aeid a substance that liberates hydrogen 
ions when in an aqueous solution; eompare 
with base. 

Aeidosis as"ì-do'sis a eondition in which 
the blood has an excess hydrogen ion eon- 
eentration and a deereased pH. 

Aene inflammatory disease of the skin; 
infeetion of the sebaceous glands. 

Aeromion ab-kro'me-on the outer projee- 
tion of the spine of the scapula; the highest 
point of the shoulder. 

Aerosome ak'ro-sòm an enzyme-eontaining 
structure eovering the nucleus of the sperm. 

Aetin ak'tin a eontraetile protein. 

Aetion potential an eleetrieal event occur- 
ring when a stimulus of sufficient intensity is 
applied to a neuron or muscle eell, allowing 
sodium ions to move into the eell and reverse 
the polarity. 
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Aetive immunity immrmity prodneed by an 
eneormter with an antigen; provides immrino- 
logieal memory. 

Aetive transport net movement of a sub- 
stanee aeross a membrane against a eoneen- 
tration or eleetrieal gradient; requires release 
and use of eellrilar energy. 

Adaptation (1) any ehange in stmcture or 
response to suit a new environment; (2) de- 
eline in the transmission of a sensory nerve 
when a reeeptor is stimrilated continuously 
and without ehange in stimulus intensity. 

Adduct ah-dukt' to move toward the midline 
of the body. 

Adenosine triphosphate (ATP) ah-den" 
o-sin tri-fos'fàt the compound that is the 
important intraeellrilar energy source; eellrilar 
energy. 

Adipose ad' i-pós fatty. 

Adrenal glands ah-dre' nal glanz hormone- 
prodrieing glands loeated superior to the kid- 
neys; eaeh eonsists of a medrilla and a cortex. 

Adrenergie fìbers ad"ren-er'jik nerve fibers 
that release norepinephrine. 

Aerobie a-er-o'bik requiring oxygen to live 
or grovv. 

Aerobie respiration respiration in which 
oxygen is consumed and glrieose is broken 
down entirely; water, earbon dioxide, and 
large amormts of ATP are the final prodriets. 

Afferent af' er-ent earrying to or toward a 
eenter. 

Afferent neurons nn'ronz nerve eells that 
earry imprilses toward the eentral nervoris 
system. 

Agglutination ah-gloo"tin-a'shun elrmiping 
of (foreign) eells, indrieed by eross-linking of 
antigen-antibody complexes. 

Agglutinins ah-gloo'ti-ninz antibodies in 
blood plasma that cause clumping of corpus- 
eles or baeteria. 

Agglutinogens ag"loo-tin' o-jenz (1) anti- 
gens that stimrilate the formation of a speeifie 
agghitinin; (2) antigens formd on red blood 
eells that are responsible for determining the 
ABO blood group elassifieation. 

Agonist ag'o-nist a muscle that bears the 
primary responsibility for causing a eertain 
movement; a prime mover. 

AIDS acquired immrme defieieney syn- 
drome; caused by human immrmodefieieney 
virns (HIV); symptoms inelride severe weight 
loss, night sweats, swollen lymph nodes, 
opportrmistie infeetions. 

Albumin al-bu' min a protein formd in virtu- 
ally all animals, the most abrmdant plasma 
protein. 

Albuminuria al"bu-mi-nu' re-ah presenee 
of albrimin in the urine. 

Alimentary al" i-men'tar-e pertaining to the 
digestive organs. 


Alkalosis al"kah-lo’sis a eondition in which 
the blood has a lower hydrogen ion eoneen- 
tration than normal, and an inereased pH. 

Allergy al'er-je overzealous immrme response 
to an otherwise harmless antigen; also ealled 
hypersensitivity. 

Alopeeia al"o-pe'she-ah baldness, eondition 
of hair loss. 

Alveolus al-ve'o-lus (1) a general term 
referring to a small eavity or depression; (2) 
an air sae in the lrmgs. 

Amino aeid ah-me'no an organie eom- 
pormd eontaining nitrogen, earbon, hydrogen, 
and oxygen; the briilding bloek of protein. 

Amnion am'ne-on the fetal membrane that 
forms a fluid-filled sae arormd the embryo. 

Amphiarthrosis am'fe-ar-thro'sis a slightly 
movable joint. 

Anabolism an-nab' o-lizm the energy- 
requiring briilding phase of metabolism in 
which simpler substances are eombined to 
form more complex substances. 

Anaerobie an-a'-er-ób-ik not requiring 
oxygen. 

Anatomy the seienee of the structure of 
living organisms. 

Anemia ah-ne'me-ah redrieed oxygen- 
earrying eapaeity of the blood caused by a 
deereased number of erythroeytes or deereased 
pereentage of hemoglobin in the blood. 

Aneurysm an'u-rizm blood-filled sae in an 
artery wall caused by dilation or weakening of 
the wall. 

Angina peetoris an-ji'nah pek'tor-is severe, 
sriffoeating ehest pain caused by brief laek of 
oxygen supply to heart muscle. 

Anorexia an"o-rek'se-ah loss of appetite or 
desire for food. 

Anoxia ah-nok'se-ah a defieieney of oxygen. 

Antagonists an-tag'o-nists mriseles that aet 
in opposition to an agonist or prime mover. 

Antecubital anterior surface of the elbow. 

Anterior an-ter'e-er the front of an organ- 
ism, organ, or part; the ventral surface. 

Antibody an"ti-bod' e a speeialized substance 
prodrieed by the body that ean provide immu- 
nity against a speeifie antigen. 

Antigen an'ti-jen any snbstanee—inelriding 
toxins, foreign proteins, or baeteria—that, 
when introduced to the body, is reeognized as 
foreign and aetivates the immrme system. 

Anus a'nus the distal end of the digestive 
traet; the outlet of the rectum. 

Aorta a-or'tah the major systemie artery; 
arises from the left ventriele of the heart. 

Aortie body a reeeptor in the aortie areh 
sensitive to ehanging oxygen, earbon dioxide, 
and pH levels of the blood. 

Apoerine gland ap'o-krin the less numer- 
ous type of sweat gland. Its seeretions eontain 
water, salts, fatty aeids, and proteins. 
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Aponeurosis ap" o-nu-ro'sis fibrous or 
membranous sheet eonneeting a muscle and 
the part it moves. 

Appendicular skeleton ap"en-dik' u-lar 
bones of the limbs and limb girdles that are 
attaehed to the axial skeleton. 

Appendix ah-pen'diks a wormlike extension 
of the large intestine. 

Aqueous humor a'kwe-us hu'mer the watery 
fluid in the anterior ehambers of the eye. 

Araehnoid ah-rak'noid weblike; speeifi- 
eally, the weblike middle layer of the three 
meninges. 

Areola ah-re' o-lah the circular, pigmented 
area surrounding the nipple. 

Arreetor pili ah-rek'tor pi'li tiny, smooth 
muscles attaehed to hair follieles; when aeti- 
vated, they cause the hair to stand upright. 

Arteriole ar-te-r'e-ol minute artery. 

Arterioselerosis ar-tè-r' e-o-skler-o' sis any 
of a number of proliferative and degenerative 
ehanges in the arteries leading to their 
deereased elastieity. 

Artery a vessel that earries blood away from 
the heart. 

Arthritis ar-thri'tis inflammation of the joints. 

Articulation joint; point where two bones 
meet. 

Asthma az'mah disease or allergie response 
eharaeterized by bronehial spasms and diffi- 
cult breathing. 

Astigmatism ah-stig'mah-tizm a visual 
defeet resrilting from irregrilarity in the lens or 
eornea of the eye earising the image to be out 
of focus. 

Atheroselerosis a "ther-o"skler-o' sis ehanges 
in the walls of large arteries eonsisting of lipid 
deposits on the artery walls. The early stage of 
arterioselerosis and inereased rigidity. 

Atlas the first eervieal vertebra; artierilates 
with the oeeipital bone of the skull and the 
seeond eervieal vertebra (axis). 

Atom at'um the smallest part of an element; 
indivisible by ordinary ehemieal means. 

Atomie mass the sum of the number of pro- 
tons and neritrons in the nucleus of an atom. 

Atomie number the number of protons in 
an atom. 

Atomie symbol a one-or two-letter symbol 
indieating a partierilar element. 

Atomie weight average of the mass num- 
bers of all the isotopes of an element. 

Atrioventricular node (AV node) a"tre- 
o-ven-trik' u-lar a speeialized mass of eon- 
drieting eells loeated at the atrioventrierilar 
jrmetion in the heart. 

Atrium a'tre-um a ehamber of the heart 
reeeiving blood from the veins; superior heart 
ehamber. 

Atrophy at' ro-fe a redrietion in size or wast- 
ing away of an organ or eell resrilting from 
disease or laek of use. 

Auditory aw'dì-to"re pertaining to the sense 
of hearing. 

Auscultation aws"kul-ta'shun the aet of 
examination by listening to body sormds. 


Autoimmune response the prodrietion of 
antibodies or effeetor T eells that attaek a per- 
son’s own tissue. 

Automaticity aw-to"mah-tis' ì-te the ability 
of a structure, organ, or system to initiate its 
own aetivity. 

Autonomic aw"to-nom'ik self-direeted; 
self- regrilating; independent. 

Autonomic nervous system the division of 
the nervous system that frmetions involrmtar- 
ily; innervates eardiae muscle, smooth muscle, 
and glands. 

Axial skeleton ak'se-al the sknll, vertebral 
column, ribs, and sternrim. 

Axilla ak-sih'lah armpit. 

Axis (1) the seeond eervieal vertebra; has a 
vertieal projeetion ealled the dens arormd 
which the atlas rotates; (2) the imaginary line 
about which a joint or structure revolves. 

Axon ak'son neuron proeess that earries 
imprilses away from the nerve eell body; ef- 
ferent proeess; the eondrieting portion of a 
nerve eell. 

B eells lymphoeytes that oversee hnmoral 
immrmity; their deseendants differentiate into 
antibody-producing plasma eells; also ealled B 
lymphoeytes. 

Baeteria any of a large group of mieroorgan- 
isms, generally one-eelled; formd in humans 
and other animals, plants, soil, air, and water; 
have a broad range of frmetions. 

Basal metabolie rate mef ah-hol' ik the rate 
at which energy is expended (heat produced) 
by the body per rmit time rmder eontrolled 
(basal) eonditions: 12 hours after a meal, 
at rest. 

Basal nuclei nu'kle-i gray matter areas 
deep within the white matter of the eerebral 
hemispheres; also ealled basal ganglia. 

Base a substance that aeeepts hydrogen 
ions; proton aeeeptor; eompare with aeid. 

Basement membrane a thin layer of extra- 
cellular material to which epithelial eells are 
attaehed in mucosa srirfaees. 

Basophils ba'zo-filz white blood eells whose 
granriles stain deep blue with basie dye; have 
a relatively pale nucleus and granrilar-appearing 
eytoplasm. 

Benign be-nin' not malignant. 

Bieeps bi'seps two-headed, espeeially applied 
to eertain muscles. 

Bicuspid bi-kus'pid having two points or 
cusps. 

Bile a greenish-yellow or brownish flrrid 
prodrieed in and seereted by the liver, stored 
in the gallbladder, and released into the small 
intestine. 

Biopsy bi'òp-se the removal and examina- 
tion of live tissue; usually done to deteet or 
rule out the presenee of cancerous eells. 

Blastoeyst blas' to-sist a stage of early embry- 
onie development. 

Blood-brain barrier a meehanism that 
inhibits passage of materials from the blood 
into brain tissries. 

Bolus bo'lus a rounded mass of food pre- 
pared by the mouth for swallowing. 


Bony thorax bón'e tho'raks bones of the 
thorax, including ribs, sternrmi, and thoraeie 
vertebrae. 

Braehial bra'ke-al pertaining to the arm. 

Bradyeardia brad"e-k.ar'de-ah slow heart 
rate, usually defined as a rate under 60 beats 
per minute. 

Brain stem the portion of the brain eonsist- 
ing of the medulla, pons, and midbrain. 

Bronehitis brong-ki' tis inflammation of the 
mucous membranes of the bronehi. 

Bronchus brong'kns one of the two large 
branehes of the traehea leading to the lungs. 

Buccal bnk'al pertaining to the eheek. 

Buffer a substance or substances that help 
to stabilize the pH of a solrition. 

Bursa ber’sah a small sae filled with fluid 
and loeated at frietion points, espeeially joints. 

Calculus kal’ku-lus a stone formed within 
varioris body parts. 

Calorie kal'o-re unit of heat; the large ealorie 
(spelled with a eapital letter C) is the amormt of 
heat required to raise 1 kg of water 1°C; also 
used in metabolie and nutrition studies as the 
unit to measrire the energy value of foods. 

Calyx ka'liks a eriplike extension of the 
pelvis of the kidney. 

Canal a duct or passageway; a tubular 
structure. 

Canaliculus karf ah-lik' u-lus extremely small 
tubular passage or ehannel. 

Cancer a malignant, invasive eellrilar neo- 
plasm that has the eapability of spreading 
throughout the body or body parts. 

Capillary kap' ì-laf'e a minute blood vessel 
eonneeting arterioles with venriles. 

Carbohydrate kar"bo-hi'dràt organie eom- 
pound eomposed of earbon, hydrogen, and 
oxygen; inelrides starehes, sugars, eellrdose. 

Carcinogen kar-sin'o-jen cancer-causing 
agent. 

Carcinoma kar"sì-no'mah eaneer; a malig- 
nant growth of epithelial eells. 

Cardiac kar' de-ak. pertaining to the heart. 

Cardiac eyele sequence of events eneom- 
passing one eomplete eontraetion and relax- 
ation of the atria and ventrieles of the heart. 

Cardiac muscle speeialized muscle of the 
heart. 

Cardiac output the blood volume (in liters) 
ejeeted per minute by the left ventriele. 

Cardioesophageal sphineter kar" de-o-é- 
sof'ah-je'al sfingk.'ter valve between the 
stomaeh and esophagris. 

Cardiovascular system organ system that 
distributes blood to all parts of the body. 

Carotid kah-rot'id the main artery in the neek. 

Carotid body a reeeptor in the eommon 
earotid artery sensitive to ehanging oxygen, 
earbon dioxide, and pH levels of the blood. 

Carotid sinus si'nus a dilation of a eom- 
mon earotid artery; involved in regrilation of 
systemie blood pressure. 

Carpal kar'pal one of the eight bones of 
the wrist. 
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Cartilage kar'tí-lij white, semiopaque eon- 
neetive tissue. 

CartiIaginous joint kar"ti-laj' i-nus bones 
united by eartilage; no joint eavity is present. 

Catabolism kah-tab'o-lizm the proeess in 
which living eells break down substances into 
simpler substances; destmetive metabolism. 

Cataract kat' ah-rakt partial or eomplete loss 
of transpareney of the erystalline lens of the eye. 

Catecholamines kafè-kol' ah-menz epi- 
nephrine and norepinephrine. 

Caudal kaw' dal toward the tail; in hnmans, 
the inferior portion of the anatomy. 

Cecum se'knm the blind-end pouch at the 
beginning of the large intestine. 

Cell the basie biologieal unit of living organ- 
isms, enelosed by a limiting membrane; eells 
in more complex organisms eontain a nucleus 
and a variety of organelles. 

Cell membrane see plasma membrane. 

Cellular immunity sel' u-lar ì-mu'nì-te 
immunity eonferred by lymphoeytes ealled 
T eells; also ealled eell-mediated immrmity. 

Cellular respiration metabolie proeesses 
in which ATP is produced. 

Cement se'-ment the bony eonneetive tissue 
that eovers the root of a tooth. 

Central nervous system (CNS) the brain 
and the spinal eord. 

Centriole sen'tre-òl a minute body found 
near the nucleus of the eell eomposed of 
microtubules; aetive in eell division. 

Cerebellum ser"é-bel'um part of the hind- 
brain; involved in producing smoothly eoordi- 
nated skeletal muscle aetivity. 

Cerebral aqueduct ser'é-bral ak' we-dukf 
the slender eavity of the midbrain that eon- 
neets the third and fourth ventrieles. 

Cerebrospinal fluid (CSF) the fluid pro- 
duced by ehoroid plexuses; fills the ventrieles 
and surrounds the eentral nervoris system. 

Cerebrum ser' e-bnim the largest part of 
the brain; eonsists of right and left eerebral 
hemispheres. 

Cerumen sé-roo'men earwax. 

Cervical ser'vì-kal refers to the neek or the 
neeklike portion of an organ or stmcture. 

Cervix ser'viks the inferior neeklike portion 
of the utems leading to the vagina. 

ehemieal bond an energy relationship 
holding atoms together; involves the interae- 
tion of eleetrons. 

ehemieal energy energy form stored in 
ehemieal bonds. 

ehemieal reaetion proeess in which mole- 
cules are formed, ehanged, or broken down. 

ehemoreeeptors ke"mo-re-sep' torz reeep- 
tors sensitive to various ehemieals in solution. 

ehiasma ki-as' mah a erossing or intersee- 
tion of two stmctures, such as the optie nerves. 

eholeeystokinin ko"ìe-sis"to-kin'in an intes- 
tinal hormone that stimiilates gallbladder eon- 
traetion and panereatie juice release. 

eholesterol ko-les' ter-ol a steroid found in 
animal fats as well as in most body tissues; 
made by the liver. 


eholinergie fibers ko" lin-er'jik nerve 
endings that, upon stimrilation, release 
aeetyleholine. 

ehondroeyte kon'dro-sìt a mature eartilage 

eell. 

ehorion ko're-on the outermost fetal mem- 
brane; helps form the plaeenta. 

ehoroid ko'roid the pigmented nritritive layer 
of the eye. 

ehromatin kro'mah-tin the stmetrires in 
the nucleus that earry the hereditary faetors 
(genes). 

ehromosome kro' ma-sóm barlike body of 
tightly eoiled ehromatin; visible during eell 
division. 

Chyme kim the semifluid stomaeh eontents 
eonsisting of partially digested food and gas- 
trie seeretions. 

Cilia sil'e-ah tiny, hairlike projeetions on 
eell surfaces that move in a wavelike 
manner. 

Ciliary zonule srispensory ligament that 
attaehes the lens to the eiliary body in the 
anterior eye. 

Circle of Willis a rmion of arteries at the 
base of the brain. 

Circumduction ser"kum-duk'shun eirenlar 
movement of a body part. 

Cirrhosis sì-ro'sis a ehronie disease of the 
liver, eharaeterized by an overgrowth of eon- 
neetive tissue or fibrosis. 

eleavage klev'ij an early embryonie phase 
eonsisting of rapid eell divisions without inter- 
vening growth periods. 

elitoris kli'to-ris a small, ereetile stmcture 
in the female, homologoris to the penis in 
the male. 

Clonal seleetion klo'nnl the proeess 
during which a B eell or T eell beeomes 
sensitized throrigh binding eontaet with an 
antigen. 

Clone deseendants of a single eell. 

Coagulation elotting (of blood). 

Cochlea kok'le-ah a eavity of the inner ear 
resembling a snail shell; houses the hearing 
reeeptor. 

Coitus ko' ì-tus sexual intercourse. 

Coma ko'mah unconsciousness from which 
the person eannot be aroused. 

Complement a group of plasma proteins 
that normally circulate in inaetive forms; when 
aetivated by eomplement fixation, causes lysis 
of foreign eells and enhanees phagoeytosis 
and inflammation. 

Compound substance eomposed of two or 
more different elements, the atoms of which 
are ehemieally rmited. 

Concave kon'kav having a curved or 
depressed srirfaee. 

Conductivity kon"duk-tiv' ì-te ability to 
transmit an eleetrieal imprilse. 

Condyle kon'dil a rormded projeetion at 
the end of a bone that artierilates with 
another bone. 

Cones one of the two types of photoreeep- 
tor eells in the retina of the eye. Provides for 
eolor vision. 


Congenital kon-jen' ì-tal existing at birth. 

Congestive heart failure (CHF) eondition 
in which the primping effieieney of the heart 
is depressed so that eirerilation is inadequate 
to meet tissue needs. 

Conjunctiva kon"junk-ti'vah the thin, protee- 
tive mucous membrane lining the eyelids and 
eovering the anterior srirfaee of the eyeball. 

Connective tissue a primary tissue; form 
and function vary extensively. Functions 
inelride support, storage, and proteetion. 

Contraception kon"trah-sep'shun the pre- 
vention of eoneeption; birth eontrol. 

Contraction kon-trak'shun to shorten or 
develop tension, an ability highly developed 
in muscle eells. 

Contralateral kon"trah-lat' er-al opposite; 
aeting in rmison with a similar part on the 
opposite side of the body. 

Convergence kon-ver'jens turning toward a 
eommon point from different direetions. 

Convoluted kon'vo-lut-ed rolled, eoiled, or 
twisted. 

Cornea kor' ne-ah the transparent anterior 
portion of the eyeball. 

Coronal plane see frontal plane. 

Corpus kor'pits body; the major portion of 
an organ. 

Cortex kor'teks the outer surface layer of 
an organ. 

Costal kos'tal pertaining to the ribs. 

Covalent bond ko-va'lent a bond involving 
the sharing of eleetrons between atoms. 

Coxal pertaining to the hip. 

Cramp painfril, involrmtary eontraetion of 
a muscle. 

Cranial kra'ne-al pertaining to the skull. 

Cranial nerves the 12 pairs of nerves that 
arise from the brain. 

Crenation kre-na'shun the shriveling of a 
eell, for example an erythroeyte, resrilting 
from loss of water. 

Crural pertaining to the leg. 

eryptorehidism krip-tor'kì-dizm a devel- 
opmental defeet in which one or both testes 
fail to deseend into the serotrim. 

Cupula ku'pu-lah a domelike structure. 

Cushing’s syndrome koosh'ingz sin'dróm 
a disease prodrieed by excess seeretion of 
adrenoeortieal hormone; eharaeterized by adi- 
pose tissue accumulation, weight gain, and 
osteoporosis. 

Cutaneous ku-ta'ne-us pertaining to the skin. 

Cutaneous membrane the skin; eomposed 
of epidermal and dermal layers. 

Cyanosis si"'ah-no'sis a bluish eoloration of 
the mucous membranes and skin caused by 
defieient oxygenation of the blood. 

Cystitis sis-ti'tis an inflammation of the 
urinary bladder. 

Cytokines si'to-kinz ehemieal messengers 
involved in immrmity that enhanee the 
immrme and inflammatory responses. 

Cytokinesis si’ to-ki-ne'sis division of eyto- 
plasm that occurs after the eell nucleus has 
divided. 
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Cytology si-tol'o-je the seienee eoneerned 
with the study of eells. 

Cytoplasm si' to-plazm" the substance of a 
eell other than that of the nucleus. 

Cytotoxic T eell effeetor T eell that direetly 
kills foreign eells; also ealled a killer T eell. 

Deciduous de-sid'u-us temporary. 

Deciduous (milk) teeth the 20 temporary 
teeth replaeed by permanent teeth; “baby” teeth. 

Deeomposition reaetion a destmetive 
ehemieal reaetion in which complex sub- 
stanees are broken down into simpler ones. 

Defeeation def"ih-ka'shun the elimination 
of the eontents of the bowels (feees). 

Deglutition deg"loo-tish' un the aet of 
swallowing. 

Dehydration de"hi-dra' shun a eondition 
resulting from excessive loss of water. 

Dehydration synthesis proeess by which a 
larger molecule is synthesized from smaller 
ones by removal of a water molecule at eaeh 
site of bond formation. 

Dendrites den'dríts the branehing exten- 
sions of neurons that earry eleetrieal signals 
to the eell body; the reeeptive portion of a 
nerve eell. 

Dentin den'tin the ealeified tissue forming 
the major part of a tooth; deep to the 
enamel. 

Deoxyribonucleic aeid (DNA) de-ok"se- 
ri"bo-nu"kla'ik nrieleie aeid found in all liv- 
ing eells: earries the organism’s hereditary 
information. 

Depolarization de-po"lar-i-za'shun the loss 
of a state of polarity; the loss of a negative 
eharge inside the plasma membrane. 

Dermatitis der"mah-ti'tis an inflammation 
of the skin; nonspeeifie skin allergies. 

Dermis der' mis the deep layer of the skin; 
eomposed of dense, irregular eonneetive tissue. 

Diabetes melUtus di"ah-be'téz mel-li'tus a 
disease caused by defieient insulin release or 
inadequate responsiveness to insrilin, leading 
to inability of the body eells to use earbohy- 
drates at a normal rate. 

Diapedesis di"ah-pé-de'sis the passage of 
blood eells throrigh intaet vessel walls into 
the tissries. 

Diaphragm di' ah-fram (1) any partition or 
wall separating one area from another; (2) a 
muscle that separates the thoraeie eavity from 
the abdominopelvie eavity. 

Diaphysis di'af'i-sis elongated shaft of a 
long bone. 

Diarthrosis di"ar-thro'sis a freely movable 
joint. 

Diastole di-as'to-le a period (between eon- 
traetions) of relaxation of the heart during 
which it fills with blood. 

Dieneephalon di"en-sef'ah-lon that part 
of the forebrain between the eerebral hemi- 
spheres and the midbrain inelriding the 
thalamris, the third ventriele, and the 
hypothalamris. 

Difftision di-fu'zhun the spreading of par- 
tieles in a gas or solution with a movement 
toward rmiform distribution of partieles. 


Digestion di-jest'jun the body proeess of 
breaking down foods ehemieally and meehan- 
ieally. 

Digestive system system that proeesses 
food into absorbable units and eliminates 
indigestible wastes. 

Digital pertaining to the digits; fingers, toes. 

Dilate di'làt to streteh; to open; to expand. 

Disaeeharide di-sak' ì-rìd literally, donble 
sugar; examples include srierose and laetose. 

Distal dis'tal farthest from the point of 
attaehment of a limb or origin of a structure. 

Diverticulum di"ver-tik'u-lum a pouch or 
sae in the walls of a hollow organ or structure. 

Dorsal dor'sal pertaining to the baek; 
posterior. 

Dorsiflexion up and down movement that 
inelrides lifting the foot so that its superior sur- 
faee approaehes the shin (standing on your 
heels). 

Duct dukt a eanal or passageway. 

Duodenum du"o-de'num the first part of 
the small intestine. 

Dura mater du'rah ma'ter the oritermost 
and torighest of the three membranes 
(meninges) eovering the brain and spinal eord. 

Dynamie equiUbrium sense that reports 
on angrilar or rotatory movements of the head 
in spaee. 

Dyspnea disp' ne-ah labored, diffierilt 
breathing. 

Eetopie ek-top'ik not in the normal plaee; 
for example, in an eetopie pregnaney the egg 
is implanted at a plaee other than the uterus. 

Edema é-de' mah an abnormal accumula- 
tion of fluid in body parts or tissries; causes 
swelling. 

Effeetor ef-fek' tor an organ, gland, or muscle 
eapable of being aetivated by nerve endings. 

Efferent ef' er-ent earrying away or away 
from. 

Efferent neurons neurons that eondriet 
imprilses away from the eentral nervoris system. 

Ejaculation e-jak"u-la' shun the sudden 
ejeetion of semen from the penis. 

Eleetrieal energy energy form resnlting 
from the movement of eharged partieles. 

Eleetroeardiogram (ECG) e-lek"tro-kar'de- 
o-gram" a graphie reeord of the eleetrieal 
aetivity of the heart. 

Eleetroeneephalogram (EEG) e-lek"tro- 
en-sef' ah-lo-gram" a graphie reeord of the 
eleetrieal aetivity of nerve eells in the brain. 

Eleetrolyte e-lek'tro-lit a substance that 
breaks down into ions when in solution and is 
eapable of conducting an eleetrie current. 

Eleetron negatively eharged subatomic par- 
tiele; orbits the atomie nucleus. 

Eleetron transport ehain metabolie path- 
way within the mitoehondria in which energy 
harvested from high-energy hydrogen atoms is 
used to make ATP. Final delivery of H to 
moleerilar oxygen prodriees water. 

Element el' è-ment any of the building 
bloeks of matter; oxygen, hydrogen, earbon, 
for example. 


EmboHsm em'bo-lizm the obstmetion of a 
blood vessel by an embolris (blood elot, bub- 
ble of air, or fatty mass floating in the blood). 

Embryo em'bre-o an organism in its early 
stages of development; in humans, the first 
2 months after eoneeption. 

Emesis em'é-sis vomiting. 

Emmetropia the eye that foerises images 
eorreetly on the retina is said to have this 
“harmonious vision.” 

Emphysema em'fì-se'mah a eondition 
caused by overdistension of the prilmonary 
alveoli and fibrosis of lung tissue. 

Enamel the hard, ealeified substance that 
eovers the crown of a tooth. 

Endoearditis en"do-kar-di'tis an inflamma- 
tion of the inner lining of the heart. 

Endoeardmm en"do-kar'de-um the endothe- 
lial membrane lining the interior of the heart. 

Endoerine glands en' do-krin drietless 
glands that empty their hormonal prodriets di- 
reetly into the blood. 

Endoerine system body system that inelrides 
internal organs that seerete hormones. 

Endometrium en-do-me'tre-um the mucous 
membrane lining of the utems. 

Endomysium en"do-mis'e-um the thin eon- 
neetive tissue surrounding eaeh muscle eell. 

Endoneurium a delieate eonneetive tissue 
sheath surrounding eaeh fiber in a nerve. 

Endoplasmie reticulum en" do-plas'mik 
rè-tik' u-lum a membranoris network of 
tubular or saelike ehannels in the eytoplasm 
of a eell. 

Endothelium en" do-the'le-um the single 
layer of simple squamous eells that line the 
walls of the heart and the vessels that earry 
blood and lymph. 

Energy the ability to do work. 

Enzyme en'zìm a substance formed by 
living eells that aets as a eatalyst in ehemieal 
reaetions in the body. 

Eosinophils e" o-sin'o-filz granrilar white 
blood eells whose granriles readily take up a 
stain ealled eosin. 

Epicardium a serous membrane that tightly 
hugs the external srirfaee of the heart and is 
actually part of the heart wall; also ealled 
viseeral perieardirim. 

Epidermis ep"ì-der'mis the outer layers of 
the skin; an epithelirim. 

Epididymis ep" ì-did' ì-mis that portion of 
the male duct system in which sperm mature. 
Empties into the ductus, or vas, deferens. 

Epiglottis ep"ì-glot'is the elastie eartilage at 
the baek of the throat; eovers the glottis dur- 
ing swallowing. 

Epimysium ep" ì-mis' e-um the sheath of 
fibroris eonneetive tissue surrounding a muscle. 

Epineurium a tough, fibroris sheath that 
binds together the faseieles in a nerve. 

Epiphysis é-pif' ì-sis the end of a long 
bone. 

Epithelium ep" ì-the' le-um one of the pri- 
mary tissries; eovers the surface of the body 
and lines the body eavities, ducts, and 
vessels. 
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Equilibrium e" kwi-lib' re-um balanee; a 
state when opposite reaetions or forees coun- 
teraet eaeh other exactly. 

Erythroeytes é-rith'ro-sits red blood eells. 

Erythropoiesis é-rith" ro-poi-e' sis the proeess 
of erythroeyte formation. 

Estrogens es'tro-jenz hormones that stimu- 
late female seeondary sex eharaeteristies; 
female sex hormones. 

Eupnea itp-ne'ah easy, normal breathing. 

Eversion speeial movement of the foot 
aehieved by turning the sole laterally. 

Exchange reaetion a ehemieal reaetion in 
which bonds are both made and broken; 
atoms beeome eombined with different atoms. 

Excretion ek-skre'shun the elimination of 
waste products from the body. 

Exocrine glands ek'so-krin glands that 
have ducts through which their seeretions are 
earried to a body srirfaee (skin or mucosa). 

Expiration eks"pì-ra'shun the aet of 

expelling air from the lungs; exhalation. 

Extension movement that inereases the angle 
of a joint, e.g., straightening a flexed knee. 

External respiration the actual exchange 
of gases between the alveoli and the blood 
(pulmonary gas exchange). 

Extracellular eks "trah -sel' u -la r oritside a eell. 

Extracellular £luid fluid within the body 
but outside the eells. 

Extracellular matrix nonliving material in 
eonneetive tissue eonsisting of grormd sub- 
stanee and fibers that separate the living eells. 

Fallopian tube fal-lo'pe-an see nterine tuhe. 

Faseia fash'e-ah layers of fibroris tissue eov- 
ering and separating mriseles. 

Faseiele fas' ì-kul a brmdle of nerve or mus- 
ele fibers bound together by eonneetive tissue. 

Fatty aeid a building bloek of fats. 

Feees fe'séz material diseharged from the 
bowel eomposed of food residrie, seeretions, 
and baeteria. 

Femoral pertaining to the thigh. 

Fertilization fer'tì-lì-za'shun fusion of the 
nrielear material of an egg and a sperm. 

Fetus fe'tns the rmborn yormg; in humans 
the period from the third month of develop- 
ment rmtil birth. 

Fibrillation fi-brì-la'shun irregrilar, rmeoor- 
dinated eontraetion of muscle eells, particu- 
larly of the heart musculature. 

Fibrin fi'brin the fibroris insoluble protein 
formed during the elotting of blood. 

Fibrinogen fi-brin'o-jen a blood protein that 
is eonverted to fibrin dnring blood elotting. 

Fibrous joint bones joined by fibroris tis- 
sue; no joint eavity is present. 

Fibrous protein a strandlike protein that 
appears most often in body stmetrires; very 
important in binding structures together and 
for providing strength in eertain body tissries. 

Fibular pertaining to the area of the fibula, 
the lateral bone of the leg. 

Filtration fil-tra'shun the passage of a sol- 
vent and dissolved substances throrigh a 
membrane or filter. 


Fissure fis'zher (1) a groove or eleft; (2) 
the deepest depressions or inward folds on 
the brain. 

Fixators fiks-a'torz mriseles aeting to immo- 
bilize a joint or a bone; fixes the origin of a 
muscle so that muscle aetion ean be exerted at 
the insertion. 

Flaeeid flak'sid soft; flabby; relaxed. 

Flagella flah-jel' ah long, whiplike exten- 
sions of the eell membrane of some baeteria 
and sperm; serve to propel the eell. 

Flexion flek'shun bending; the movement 
that deereases the angle between bones. 

Focus fo'kns ereation of a sharp image by 
a lens. 

Folliele fol'l ì-kul (1) stmetrire in an ovary 
eonsisting of a developing egg surrounded by 
folliele eells; (2) eolloid-eontaining structure in 
the thyroid gland; (3) eolleetion of lympho- 
eytes in a lymph node. 

Fontanels fon"tah-nelz' the fibroris mem- 
branes in the skull where bone has not yet 
formed; babies’ “soft spots.” 

Foramen fo-ra' men a hole or opening in a 
bone or between body eavities. 

Formed elements eellrilar portion of blood. 

Fossa fos' ah a depression; often an artierilar 
srirfaee. 

Fovea fo-ve'ah a pit. 

Frontal (eoronal) plane a longitudinal 
plane that divides the body or an organ into 
anterior and posterior parts. 

Fundus fun'dus the base of an organ; that part 
farthest from the distal opening of the organ. 

Gallbladder the sae beneath the right lobe 
of the liver used for bile storage. 

Gallstones partieles of hardened eholesterol 
or ealeirim salts that are oeeasionally formed 
in gallbladder and bile ducts. 

Gamete gam'ét male or female sex eell 
(sperm/egg). 

Gametogenesis gam"é-to-jen'é-sis the for- 
mation of gametes. 

Ganglion gang'gle-on a group of nerve 
eell bodies loeated in the peripheral nervoris 
system. 

Ganglionie neuron gang-gle-on'ik a neu- 
ron of the autonomic nervoris system having 
its eell body in a ganglion and its axon (the 
postganglionie axon) extending to a viseeral 
organ or tissue. 

Gastrin gas'trin a hormone that stimrilates 
gastrie seeretion, espeeially hydroehlorie aeid 
release. 

Gene jén biologieal units of heredity loeated 
in ehromatin; transmits hereditary information. 

Geneties je-net'iks the seienee of heredity. 

Genitalia jen" ì-tal'e-ah the external sex 
organs. 

Germ layers the initial or primary tissries 
formed in the embryo (eetoderm, mesoderm, 
endoderm) from which all body tissries arise. 

Gingiva jin-ji'vah the gums. 

Gland an organ speeialized to seerete or ex- 
erete sribstanees for further use in the body or 
for elimination. 


Glaucoma glaw-ko' mah an abnormal in- 
erease of the pressrire within the eye. 

Glia gli'ah see nenroglia. 

Globular protein a protein whose func- 
tional structure is basieally spherieal. Also 
referred to as frmetional protein; includes 
hemoglobin, enzymes, and some hormones. 

Glomerular capsule gló-mer'yoo-ler double- 
walled cuplike end of a renal tubule; en- 
eloses a glomemlris; also ealled Bowman’s 
eapsrile. 

Glomerulus glo-mer'u-lus a knot of eoiled 
eapillaries in the kidney; forms filtrate. 

Glottis glot'is the opening between the 
voeal eords in the larynx. 

Glucose gloo'kòs the prineipal sugar in the 
blood; a monosaeeharide. 

Glyeerol glis'er-ol a sugar aleohol; one of 
the briilding bloeks of fats. 

Glyeogen gli' k.o-jen the main earbohydrate 
stored in animal eells; a polysaeeharide. 

Glyeogenesis gli"ko-jen'è-sis formation of 
glyeogen from glrieose. 

Glyeogenolysis gli"ko-jen-ol' i-sis breakdown 
of glyeogen to glrieose. 

Glyeolysis gli-kol' i-sis breakdown of glrieose 
to pyrnvie aeid; an anaerobie proeess. 

Goblet eells individrial eells (simple glands) 
that prodriee mucus. 

Goiter goi'ter a benign enlargement of the 
thyroid gland. 

Gonads go'nadz organs producing gametes; 
ovaries or testes. 

Graafìan folliele graf'e-an fol'li-kul see 
vesicular folliele. 

Graded potential a loeal ehange in mem- 
brane potential that varies direetly with the 
strength of the stimulus; deelines with distanee. 

Graded response a response that varies 
direetly with the strength of the stimulus. 

Gray matter the gray area of the eentral 
nervoris system; eontains rmmyelinated nerve 
fibers and nerve eell bodies. 

Groin the jrmetion of the thigh and the 
tmnk; the ingriinal area. 

Gustation gus-ta'shun taste. 

Gyrns ji'ms an outward fold of the snrfaee 
of the eerebral cortex. 

Hamstring muscles the posterior thigh 
mriseles: the bieeps femoris, semimembra- 
nosus, and semitendinosris. 

Haversian system ha-ver'zhen see osteon. 

Heart bloek impaired transmission of im- 
pulses from atrium to ventriele. 

Heart murmur an abnormal heart sound 
(usually resrilting from valve problems). 

Heat stroke the failnre of the heat-regulating 
ability of an individual under heat stress. 

Helper T eell the type of T lymphoeyte that 
orehestrates eellrilar immrmity by direet eon- 
taet with other immrme eells and by releasing 
ehemieals ealled eytokines; also helps to 
mediate the hrimoral response by interaeting 
with B eells. 

Hematoerit he-mat' o-krit the pereentage of 
erythroeytes to total blood volrime. 
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Hematopoiesis he"mato-poi-e'sis formation 
of blood eells. 

Hemiplegia hem"e-ple'je-ah paralysis of one 
side of the body. 

Hemoeytoblasts he"mo-si'to-blastz stem eells 
that give rise to all the formed elements of the 
blood. 

Hemoglobin he" mo-glo'bin the oxygen- 
transporting pigment of erythroeytes. 

Hemolysis he-mol' ì-sis the rupture of 
erythroeytes. 

Hemophilia he" mo-fil' e-ah an inherited 
elotting defeet caused by absenee of a blood- 
elotting faetor. 

Hemorrhage hem'or-ij the loss of blood 
from the vessels by flow through ruptured 
walls; bleeding. 

Hepatie portal circulation hé-pat'ik the 
circulation in which the hepatie portal vein 
earries dissolved nutrients from the digestive 
traet to the liver for proeessing. 

Hepatitis hep" ah-ti'tis inflammation of 
the liver. 

Hihim hi'lum a depressed area where ves- 
sels enter and leave an organ. 

Histamine his' tah-mén a snbstanee that 
causes vasodilation and inereased vaserilar 
permeability. 

Histology his-tol'o-je the braneh of anatomy 
dealing with the mieroseopie structure of tissries. 

Homeostasis ho"me-o-sta'sis a state of body 
equilibrium or stable internal environment of 
the body. 

Homologous ho-mol' o-gus parts or organs 
eorresponding in structure but not neeessarily 
in function. 

Hormones hor'mònz ehemieal messengers 
seereted by endoerine glands; responsible for 
speeifie regrilatory effeets on eertain eells, tis- 
sues, or organs. 

Humoral immunity hu'mor-al immrmity 
provided by antibodies released by sensitized 
B eells and their plasma eell progeny. Also 
ealled antibody-mediated immrmity. 

Hyaline hi' ah-lin glassy; transparent. 

Hydroehlorie aeid hi"dro-klo'rik HC1; aids 
protein digestion in the stomaeh; prodrieed by 
parietal eells. 

Hydrogen bond weak bond in which a 
hydrogen atom forms a bridge between two 
eleetron-hrmgry atoms. An important intramo- 
lecular bond. 

Hydrolysis hi-drol' ì-sis the proeess in 
which water is used to split a sribstanee into 
smaller partieles. 

Hyperopia hi"per-o'pe-ah farsightedness. 

Hypertension hi"per-ten'shun an abnor- 
mally high blood pressure. 

Hypertonie hi"per-ton'ik excessive, above 
normal, tone or tension. 

Hypertrophy hi-per' tro-fe an inerease in the 
size of a tissue or organ independent of the 
body’s general growth. 

Hypotension low blood pressure. 

Hypothalamus hi"po-thal'ah-mus the re- 
gion of the dieneephalon forming the floor of 
the third ventriele of the brain. 


Hypothermia hi"po-ther'me-ah snbnormal 
body temperatrire. 

Hypotonie hi-po-ton'ik below normal tone 
or tension. 

Hypoxia hi-pok'se-ah a eondition in which 
inadequate oxygen is available to tissries. 

Ileum il' e-um the terminal part of the small 
intestine; between the jejunum and the cecum 
of the large intestine. 

Immune response antigen-speeifie defenses 
mormted by aetivated lymphoeytes (T eells 
and B eells). 

Immunity ì-mu'nì-te the ability of the 
body to resist many agents (both living and 
nonliving) that ean cause disease; resistanee 
to disease. 

Immunocompetence im" mu-no-kom'pè- 
tents the ability of the body’s immrme eells to 
reeognize (by binding) speeifie antigens; 
refleets the presenee of plasma membrane- 
bormd reeeptors. 

Immunodefìciency disease im"mu-no-de- 
fish'en-se disease resrilting from the defieient 
prodrietion or function of immrme eells or eer- 
tain molecules (eomplement, antibodies, and 
so on) required for normal immrmity. 

Immunoglobulin im" mu-no-glob'u-lin a 
protein molecule, released by plasma eells, 
that mediates hrimoral immrmity; an anti- 
body. 

Infaret in'farkt a region of dead, deterio- 
rating tissue resrilting from a laek of blood 
supply. 

Inferior (caudal) pertaining to a position 
near the tail end of the long axis of the body. 

Inflammatory response in-flam 'ah-tor"e a 
physiologieal response of the body to tissue 
injury; inelrides dilation of blood vessels and 
inereased blood vessel permeability. 

Inguinal ing'gwì-nal pertaining to the groin 
region. 

Inner eell mass a cluster of eells in the 
blastoeyst from which the embryo develops. 

Innervation in"er-va'shun the snpply of 
nerves to a body part. 

Inorganie compound a eompormd that 
laeks earbon; for example, water. 

Insertion in-ser'shun the movable attaeh- 
ment of a muscle as opposed to its origin. 

Inspiration in"spí-ra'shun the drawing of 
air into the lrmgs; inhalation. 

Integumentary system in-teg-u-men'tar-e 
the skin and its aeeessory organs. 

Intercellular in"ter-sel'u-lar between the 
body eells. 

intereelhdar matrix ma'triks the material 
between adjoining eells; espeeially important 
in eonneetive tissue. 

Internal respiration the use of oxygen by 
body eells; also ealled eellalar respiration. 

Interneuron eompletes the pathway be- 
tween afferent and efferent nerirons; also ealled 
an assoeiation neuron. 

Interstitial fluid in"ter-stish'al the fluid 
between the eells. 

Intervertebral dises in"ter-ver'té-bral the 
dises of fibroeartilage between the vertebrae. 


Intracellular in"trah-sel'u-lar within a eell. 

Intracellular fluid fluid within a eell. 

Intrinsie faetor in-trin'sik a substance 
prodrieed by the stomaeh that is required for 
vitamin B 12 absorption. 

Invert to turn inward. 

Ion i' on an atom with a positive or negative 
eleetrie eharge. 

Ionie bond bond formed by the eomplete 
transfer of eleetron(s) from one atom to 
another (or others). The resrdting eharged 
atoms, or ions, are oppositely eharged and 
attraet eaeh other. 

Ipsilateral ip'sì-lat'er-al situated on the 
same side. 

Iris i’ ris the pigmented, involrmtary muscle 
that aets as the diaphragm of the eye. 

Irritability ir" í-tah-bil' i-te ability to respond 
to a stimulus. 

Isehemia is-ke' me-ah a loeal deerease in 
blood supply. 

Isometrie i"so-met' rik of the same length. 

Isotonie i"so-ton'ik having a rmiform tension; 
of the same tone. 

Isotope i'sì-tòp different atomie form of the 
same element. Isotopes vary only in the num- 
ber of neutrons they eontain. 

Jaundice jawn'dis an accumulation of bile 
pigments in the blood prodrieing a yellow 
eolor of the skin. 

Jejunum je-joo' num the part of the small in- 
testine between the duodenum and the ileum. 

Joint the jrmetion of two or more bones; an 
artierilation. 

Keratin ker'ah-tin a tough, insoluble pro- 
tein formd in tissries such as hair, nails, and 
epidermis of the skin. 

Killer T eell see cytotoxic T eell. 

Kiloealories (keal) rmit used to measrire 
the energy value of food. 

Kinetie energy energy of motion. 

Kinins ki'ninz group of polypeptides that 
dilate arterioles, inerease vasenlar permeability, 
and induce pain. 

Krebs eyele the aerobie pathway oeenrring 
within the mitoehondria, in which energy is 
liberated during metabolism of earbohydrates, 
fats, and amino aeids and CO, is prodrieed. 

Labia la'be-ah lips. 

Labyrinth bony eavities and membranes of 
the inner ear that house the hearing and equi- 
libririm reeeptors. 

Laerimal lak'ri-mal pertaining to tears. 

Laetation lak-ta'shun the prodrietion and 
seeretion of milk. 

Laeteal lak'te-al speeial lymphatie eapillar- 
ies of the small intestine that take up lipids. 

Laetie aeid lak.'tik the prodriet of anaerobie 
metabolism, espeeially in muscle. 

Lacuna lah-ku' nah a little depression or 
spaee; in bone or eartilage, laermae are occu- 
pied by eells. 

Lamina lam' i-nah (1) a thin layer or flat 
plate; (2) the portion of a vertebra between the 
transverse proeess and the spinous proeess. 
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Laryngitis lar"in-ji'tis an inflammation of 
the larynx. 

Larynx lar'inks the cartilaginous organ 
loeated between the traehea and the pharynx; 
voiee box. 

Lateral lat' er-al away from the midline of 
the body. 

Lens the elastie, doubly convex stmcture in 
the eye that focuses the light entering the eye 
on the retina. 

Lesion le'zhun a tissue injury or wound. 

Leukemia lu' -ke' me-ah a cancerous eondi- 
tion in which there is an excessive production 
of immature leukocytes. 

Leukocyte luko-sìt white blood eell. 

Ligament lig' ah-ment a eord of fibrous tis- 
sue that eonneets bones. 

Lipid lip'id organie eompormd formed of 
earbon, hydrogen, and oxygen; examples are 
fats and eholesterol. 

Lumbar lum'bar the portion of the baek 
between the thorax and the pelvis. 

Lumen lu'men the spaee inside a tube, 
blood vessel, or hollow organ. 

Lymph lirnf the watery fluid in the lymph 
vessels eolleeted from the tissue spaees. 

Lymph node a mass of lymphatie tissue. 

Lymphatie system lim-fat'ik the lymphatie 
vessels, and the lymphoid tissries and organs 
including lymph nodes. 

Lymphoeytes lim'fo-sìtz agrannlar white 
blood eells formed in the bone marrow that 
mature in the lymphoid tissue. 

Lymphoid organs organs in the lymphatie 
system including lymph nodes, spleen, and 
tonsils; see lymphatie system. 

Lysosomes li'so-sómz organelles that origi- 
nate from the Golgi apparatus and eontain 
strong digestive enzymes. 

Lysozyme li'so-zim an enzyme found in 
sweat, saliva, and tears that is eapable of 
destroying eertain kinds of baeteria. 

Maerophage mak'ro-faj" eell partieiilarly 
abrmdant in lymphatie and eonneetive tissries; 
important in the immrme response as an anti- 
gen presenter to T eells and B eells. 

Malignant mah-lig' nant life-threatening; per- 
tains to neoplasms that spread and lead to 
death, such as eaneer. 

Mammary glands mam'mer-e milk- 
prodrieing glands of the breasts. 

Mastieation mas"tì-ka' shun the aet of 
ehe wing. 

Matter anything that occupies spaee and 
has mass. 

Meatus me-a'tus eanal-like passageway. 

Meehanieal energy energy form direetly 
involved in pritting matter into motion. 

Meehanoreeeptors mek" ah-no-ré-sep' terz 
reeeptors sensitive to meehanieal pressrires 
such as touch, sormd, or eontraetions. 

Medial me'de-al toward the midline of 
the body. 

Mediastinum me"de-as-ti'num the region 
of the thoraeie eavity between the lrmgs. 


Medulla mè-dul' ah the eentral portion of 
eertain organs. 

Meiosis mi-o'sis the two successive eell 
divisions in gamete formation prodrieing 
nuclei with half the full number of ehromo- 
somes (haploid). 

Melanin mel'ah-nin the dark pigment syn- 
thesized by melanoeytes; responsible for skin 
eolor. 

Melanoeyte a eell that prodriees melanin. 

Memory eell member of T eell and B eell 
elones that provides for immrmologieal memory. 

Menarehe mé-nar'ke establishment of men- 
strual function; the first menstmal period. 

Meninges mé-nin'jéz the membranes that 
eover the brain and spinal eord. 

Meningitis men"in-ji'tis inflammation of the 
meninges of the brain or spinal eord. 

Menopause men'o-pawz the physiologieal 
end of menstmal eyeles. 

Menses men 'sèz monthly diseharge of 
blood from the uterus. Menstmation. 

Menstmation men"stroo-a’shun the peri- 
odie, eyelie diseharge of blood, seeretions, 
tissue, and mucus from the mature female 
utems in the absenee of pregnaney. 

Mesentery mes’en-te/e the double-layered 
membrane of the peritonerim that sripports 
most organs in the abdominal eavity. 

Metabolie rate met"ah-hol'ik the energy 
expended by the body per unit time. 

Metabolism mé-tah' o-lizm the sum total of 
the ehemieal reaetions that occur in the body. 

Metabolize mé-tab'o-liz to transform sub- 
stanees into energy or materials the body 
ean use or store by means of anabolism or 
eatabolism. 

Metaearpal met"ah-kar'pal one of the five 
bones of the palm of the hand. 

Metastasis mé-tas' tah-sis the spread of ean- 
eer from one body part or organ into another 
not direetly eonneeted to it. 

Metatarsal met"ah-tar'sal one of the five 
bones between the tarsus and the phalanges 
of the foot. 

Mierovilli mi"kro-vil'i the tiny projeetions 
on the free surfaces of some epithelial eells; 
inerease srirfaee area for absorption. 

Micturition mik"tu-rish' un nrination, or 
voiding; emptying the bladder. 

Midsagittal (median) seetion speeifie 
sagittal plane that lies exactly in the midline. 

Minerals the inorganie ehemieal eom- 
pormds found in nature. 

Mitoehondria mi" to-kon'dre-ah the rod 
like eytoplasmie organelles responsible for 
ATP generation. 

Mitosis mi-to'sis the division of the eell nu- 
cleus; often followed by division of the 
eytoplasm of a eell. 

Mixed nerves nerves eontaining the 
proeesses of motor and sensory neurons; their 
imprilses travel to and from the eentral ner- 
vous system. 

Molecule mol' é-kyool partiele eonsisting of 
two or more atoms held together by ehemieal 
bonds. 


Monoelonal antibodies mon" o-klòn'ul 
pure preparations of identieal antibodies that 
exhibit speeifieity for a single antigen. 

Monoeyte mon'o-sit large single-nucleus 
white blood eell; agranrilar lerikoeyte. 

Monosaeeharide mon"o-sak' i-rid literally, 
one sugar; the briilding bloek of earbohy- 
drates; examples inelride glrieose and fmetose. 

Mons pubis monzpu' bis the fatty eminenee 
over the pubic symphysis in the female. 

Motor unit a motor neuron and all the mus- 
ele eells it supplies. 

Mucous membrane (mucosa) membrane 
that forms the linings of body eavities open to 
the exterior (digestive, respiratory, ririnary, 
and reprodrietive traets). 

Mucus myoo'kns a stieky, thiek fluid, seereted 
by mucous glands and mucous membranes, 
that keeps the free surface of membranes 
moist. 

Muscle fìbers muscle eells. 

Muscle spindle eneapsrilated sensory reeeptor 
found in skeletal muscle that is sensitive to 
streteh. 

Muscle tone sustained partial eontraetion of 
a muscle in response to streteh reeeptor 
inputs; keeps the muscle healthy and ready 
to reaet. 

Muscle twitch a single rapid eontraetion of 
a muscle followed by relaxation. 

Muscular dystrophy dis'tro-fe a progres- 
sive disorder marked by atrophy and stiffness 
of the mriseles. 

Muscular system organ system eonsisting 
of skeletal mriseles and their eonneetive tissue 
attaehments. 

Myelin mi' é-lin a white, fatty lipid siibstanee. 

Myelinated fìbers mi' è-lì-nafed axons 
(projeetions of a nerve eell) eovered with 
myelin. 

Myoeardial infaretion mi" o-kar'de-al 
in-fark'shun a eondition eharaeterized by 
dead tissue areas in the myoeardirim caused 
by intermption of blood supply to the area. 

Myocardium mi"o-kar'de-um the eardiae 
muscle layer of the heart wall. 

Myofìbrils mi" o-fi'hrilz eontraetile or- 
ganelles found in the eytoplasm of muscle 
eells. 

Myofìlament mi" o-fil'ah-ment filaments 
eomposing the myofibrils. Of two types: aetin 
and myosin. 

Myometrium mi"o-me'tri-um the thiek uter- 
ine musculature. 

Myopia mi-ò'pe-ah nearsightedness. 

Myosin mi'o-sin one of the prineipal eon- 
traetile proteins found in muscle. 

Nares na'rèz the nostrils. 

Nasal pertaining to the nose. 

Neerosis nè-kro'sis the death or disintegra- 
tion of a eell or tissries caused by disease or 
injury. 

Negative feedbaek feedbaek that causes the 
stimulus to deeline or end. 

Neoplasm ne' o-plazm an abnormal growth 
of eells. Sometimes eaneeroris. 



Glossary 


603 


Nephrons nef' ronz structural and fnnetional 
nnits of the kidney. 

Nerve bundle of neuronal proeesses (axons) 
outside the eentral nervous system. 

Nerve fiber axon of a neuron. 

Nerve impulse a self-propagating wave of 
depolarization; also ealled an aetion potential. 

Nervous system fast-aeting eontrol system 
that employs nerve imprilses to trigger muscle 
eontraetion or gland seeretion. 

Neuroglia nu-rog'le-ah the nonnerironal 
tissue of the eentral nervoris system that per- 
forms supportive and other functions; also 
ealled glia. 

Neuromuscular junction nii ”ro-mus'kii-lar 
the region where a motor neuron eomes into 
elose eontaet with a skeletal muscle eell. 

Neurons nu'ronz eells of the nervoris sys- 
tem speeialized to transmit messages throrigh- 
out the body. 

Neurotransmitter ehemieal released by 
neurons that may, upon binding to reeeptors 
of neurons or effeetor eells, stimrilate or 
inhibit them. 

Neutralization nu”tral-i-za'shun (1) a ehem- 
ieal reaetion that occurs between an aeid and 
a base; (2) bloekage of the harmfril effeets of 
baeterial exotoxins or vimses by the binding of 
antibodies to their functional sites. 

Neutron nn'tron rmeharged sribatomie par- 
tiele; found in the atomie nucleus. 

Neutrophils nu'tro-filz the most abrmdant 
of the white blood eells. 

Nucleic aeid nu-kle'ic elass of organie mol- 
ecules that inelrides DNA and RNA. 

Nucleoli nu-kle' o-li small spherieal bodies in 
the eell nucleus; frmetion in ribosome synthesis. 

Nucleotide nukle-o-tìd briilding bloek of 
nrieleie aeids. 

Nucleus nu'kle-us (1) a dense eentral body 
in most eells eontaining the genetie material of 
the eell; (2) elrister of nerironal eell bodies in 
the brain or spinal eord. 

Oeeipital ok-sip' i-tal pertaining to area at 
the baek of the head. 

Occlusion ò-kloo'zhun elosiire or obstaietion. 

Olfaetion ol-fak' shun smell. 

Oogenesis o"o-jen'é-sis the proeess of for- 
mation of the ova. 

Ophthalmie of-thal' mik. pertaining to the eye. 

Opposition the aetion by which the thumb 
is used to touch the tips of the other fingers 
on the same hand. This unique aetion makes 
the human hand a fine tool for grasping and 
maniprilating things. 

Optie op'tik pertaining to the eye. 

Optie ehiasma op'tik. ki-as' mah the partial 
erossover of fibers of the optie nerves. 

Oral relating to the mouth. 

Orbital eye area. 

Organ a part of the body formed of two or 
more tissries that performs a speeialized 
frmetion. 

Organ system a gronp of organs that work 
together to perform a vital body function; e.g., 
nervoris system. 


Organelles or"gan-elz' speeialized stme- 
tures in a eell that perform speeifie metabolie 
frmetions. 

Organie compound a eompormd eontain- 
ing earbon; examples inelride proteins, earbo- 
hydrates, and fats. 

Organism an individrial living thing. 

Origin attaehment of a muscle that 
remains relatively fixed during muscular 
eontraetion. 

Osmoreeeptor oz”mo-re-eep'tor a structure 
sensitive to osmotie pressure or eoneentration 
of a solution. 

Osmosis oz-mo'sis the diffusion of a solvent 
throrigh a membrane from a dilute solrition 
into a more eoneentrated one. 

Ossieles os'sì-kulz the three bones of the 
middle ear: hammer (malleus), anvil (incus), 
and stirrup (stapes); also ealled the ariditory 
ossieles. 

Osteoblasts os' te-o-hlasls'' bone-forming eells. 

Osteoelasts os'te-o-klasts” large eells that 
resorb or break down bone matrix. 

Osteoeyte os'te-o-sif a mature bone eell. 

Osteon os'te-on a system of intereonneeting 
eanals in the mieroseopie structure of adult 
eompaet bone; rmit of bone. 

Osteoporosis os”te-o-po-ro'sis an inereased 
softening of the bone resrilting from a gradrial 
deerease in rate of bone formation; a eommon 
eondition in older people. 

Otie o'tik. pertaining to the ear. 

Otolith o' to-lith one of the small ealeified 
masses in the maerilae of the vestibrilar appa- 
ratus in the inner ear. 

Ovarian eyele o-va're-an the monthly eyele 
of folliele development, ovrilation, and corpus 
luteum formation in an ovary. 

Ovary o'var-e the female sex organ in 
which ova (eggs) are prodrieed. 

Ovulation ov”u-la'shun the release of an 
ovum (or ooeyte) from the ovary. 

Ovum o'vum the female gamete (germ eell); 
an egg. 

Oxidation oU'sì-da'shun the proeess of 
sribstanees eombining with oxygen or the 
removal of hydrogen. 

Oxygen defìeit ok'sì-jen the volume of 
oxygen required after exercise to oxidize the 
laetie aeid formed during exercise. 

Oxyhemoglobin ok ”s ì-he” mo-glo' hin hemo- 
globin eombined with oxygen. 

Palate pal'at roof of the mouth. 

Palpation pal-pa'shim examination by touch. 

Panereas pan'k.re-as gland posterior to the 
stomaeh, between the spleen and the duode- 
num; prodriees both endoerine and exocrine 
seeretions. 

Panereatie juice pan”k.re-at' ik. a seeretion 
of the panereas eontaining enzymes for diges- 
tion of all food eategories. 

Papilla pah-pil'ah small nipplelike projeetion. 

Papillary muscles pap' ì-lefe eone-shaped 
muscles found in the heart ventrieles. 

Paralysis pah-ral' ì-sis the loss of muscle 
frmetion. 


Paraplegia par”ah-ple'je-ah paralysis of the 
lower limbs. 

Parasympathetie division par”ah-siml'pah- 
thet'ik. a division of the autonomic nervous 
system; also referred to as the eraniosaeral 
division. 

Parathyroid glands par”ah-thi' roid small 
endoerine glands loeated on the posterior 
aspeet of the thyroid gland. 

Parathyroid hormone (PTH) hormone 
released by the parathyroid glands that regu- 
lates blood ealeirim level. 

Parietal pah-ri' é-tal pertaining to the walls 
of a eavity. 

Parotid pah-rot'id loeated near the ear. 

Passive immunity short-lived immrmity 
resrilting from the introdrietion of “borrowed 
antibodies” obtained from an immrme animal 
or human donor; immrmologieal memory is 
not established. 

Passive transport membrane transport 
proeesses that do not require eellrilar energy 
(ATP); e.g., diffusion, which is driven by 
kinetie energy. 

Patella pah-tel' ah the kneeeap. 

Pathogen disease-causing mieroorganism 
(e.g., some baeteria, frmgi, vimses, ete.). 

Pathogenesis pattí'o-jen'é-sis the develop- 
ment of a disease. 

Peetoral pek’to-ral pertaining to the ehest. 

Peetoral girdle see shonlder girdle. 

Peduncle pe-dung’k.ul a stalk of fibers, 
espeeially that eonneeting the eerebellrim to 
the pons, midbrain, and medrilla oblongata. 

Pelvie girdle ineomplete bony basin formed 
by the two coxal bones and the saemm. 

Pelvis pel'vis a basin-shaped structure eon- 
sisting of the pelvie girdle and the coccyx. 

Penis pe'nis the male organ of eoprilation 
and rirination. 

Pepsin an enzyme eapable of digesting pro- 
teins in an aeid pH. 

Perieardhim per" ì-k.ar'de-um the membra- 
nous sae enveloping the heart. 

Perimysium per" ì-mis'e-umxhe eonneetive 
tissue enveloping brmdles of muscle fibers. 

Perineum per"i-ne'um that region of the 
body extending from the anus to the scrotum 
in males and from the anus to the vulva in 
females. 

Perineurium eoarse eonneetive tissue wrap- 
ping that binds groups of fibers in a nerve, 
forming faseieles, or fiber brmdles. 

Periosteum per”e-os'te-um double-layered 
eonneetive tissue membrane that eovers and 
noririshes the bone. 

Peripheral nervous system (PNS) pì- 

rif'er-al a system of nerves that eonneets the 
outlying parts of the body with the eentral 
nervoris system. 

Peripheral resistanee the resistanee to 
blood flow offered by the systemie blood ves- 
sels; a measure of the amormt of frietion 
eneormtered by blood. 

Peristalsis per" t-stal'sis the waves of eon- 
traetion seen in tubelike organs; propels 
sribstanees along the traet. 
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Peritoneimi per" ì-to-ne' um the serous 
membrane lining the interior of the abdominal 
eavity and eovering the surfaces of the 
abdominal organs. 

Peritonitis per" í-to-ni'tis an inflammation 
of the peritoneum. 

Permeability per"me-ah-bil' i-te that prop- 
erty of membranes that permits passage of 
molecules and ions. 

Peroneal per"o-ne'al pertaining to the 
lateral aspeet of the leg. 

PH the symbol for hydrogen ion eoneentra- 
tion; a measure of the relative aeidity or alka- 
linity of a solution. 

Phagoeyte fag'o-sít eell eapable of engulf- 
ing and digesting partieles or eells harmfril to 
the body. 

Phagoeytosis fag"o-si-to'sis the ingestion of 
solid partieles by eells. 

Phalanges fah-lan'jéz the bones of the finger 
or toe. 

Pharyngotympanie (auditory) tube tube 
that eonneets the middle ear and the pharynx; 
allows pressure to be equalized on both sides 
of the eardmm; also ealled the eustachian tube. 

Pharynx far' inks the muscular tube extend- 
ing from the posterior of the nasal eavities to 
the esophagris. 

Phospholipid fos'fo-lip'id a modified 
triglyeeride eontaining phosphoms. 

Photoreeeptors fo"to-re-sep' torz speeial- 
ized reeeptor eells that respond to light 
energy. 

Physiology fiz"’e-ol' o-je the seienee of the 
frmetioning of living organisms. 

Pinoeytosis pi"no-si-to'sis the engrilfing of 
extracellular fluid by eells. 

Pituitary gland pì-tu' i-tàr"e the neriroen- 
doerine gland loeated beneath the brain that 
serves a variety of functions inelriding regula- 
tion of the gonads, thyroid, adrenal cortex, 
water balanee, and laetation. 

Plaeenta plah-sen'tah the temporary organ 
that provides nritrients and oxygen to the 
developing fetus, earries away wastes, and 
prodriees the hormones of pregnaney. 

Plantar plan'tar pertaining to the sole of 
the foot. 

Plasma plaz'mah the fluid portion of the 
blood. 

Plasma eell member of a B eell elone; spe- 
eialized to prodriee and release antibodies. 

Plasma membrane membrane that eneloses 
eell eontents; outer limiting membrane. 

Platelet plàt'let one of the irregrilar eell frag- 
ments of blood; involved in elotting. 

Pleura ploor'ah the serous membrane eov- 
ering the lungs and lining the thoraeie eavity. 

Pleurisy ploor' i-se inflammation of the 
plerirae, making breathing painfril. 

Plexus plek'sus a network of interlaeing 
nerves, blood vessels, or lymphaties. 

Pliea pli'kah a fold. 

Pneumothorax mi "mo-tho' raks the presenee 
of air or gas in a pleriral eavity. 

Polar body a minute eell prodrieed driring 
meiosis in the ovary. 


Polar molecules nonsymmetrieal moleenles 
that eontain eleetrieally rmbalaneed atoms. 

Polarized po'lar-ízd the state of an 
unstimulated neuron or muscle eell in which 
the inside of the eell is relatively negative in 
eomparison to the outside; the resting state. 

Polyeythemia pol"e-si-the' me-ah presenee 
of an abnormally large nrmiber of erythroeytes 
in the blood. 

Polypeptide pol"e-pep'tìd a ehain of amino 
aeids. 

Polysaeeharide pol"e-sak' i-rìd literally, many 
sugars; a polymer of linked monosaeeharides; 
examples inelride stareh and glyeogen. 

Pons (1) any bridgelike structure or part; 
(2) the brain area eonneeting the medrilla 
with the midbrain, providing linkage between 
upper and lower levels of the eentral nervoris 
system. 

Positive feedbaek feedbaek that tends to 
cause a variable to ehange in the same direetion 
as the initial ehange; enhanees the stimulus. 

Preeipitation formation of insolnble eom- 
plexes that settle out of sohition. 

PregangHonie neuron pre"gang-gle-on'ik 
a neuron of the autonomic nervoris system 
having its eell body in the brain or spinal eord 
and its axon (the preganglionie axon) extend- 
ing to and terminating in a ganglion. 

Pressoreeeptor pres"o-re-sep'tor a nerve 
ending in the wall of the earotid sinus and 
aortie areh sensitive to vessel stretehing. 

Pressure gradient differenee in hydrostatie 
(fluid) pressrire that drives filtration. 

Primary humoral response the initial re- 
sponse of the hrimoral arm of the immrme 
system to an antigen; involves elonal seleetion 
and establishes immrmologieal memory. 

Prime mover muscle whose eontraetions 
are primarily responsible for a particular 
movement; agonist. 

Proeess (1) a prominenee or projeetion; 
(2) a series of aetions for a speeifie purpose. 

Pronation pro-na'shun the inward rota- 
tion of the forearm earising the radius to 
eross diagonally over the ulna—palms faee 
posteriorly. 

Prone refers to a body lying horizontally 
with the faee downward. 

Proprioeeptor pro"pre-oh-sep'tor a reeep- 
tor loeated in a muscle or tendon; eoneerned 
with loeomotion, postrire, and muscle tone. 

Protein pro'ten a complex nitrogenoris sub- 
stanee; the main building material of eells. 

Proteinuria pro"te-in-u're-ah the passage 
of proteins in the urine. 

Proton pro'ton siibatomie partiele that bears 
a positive eharge; loeated in the atomie nucleus. 

Proximal prok'si-mal toward the attaehed 
end of a limb or the origin of a stmetrire. 

Puberty pu'ber-te the period at which 
reprodrietive organs beeome functional. 

Pubic pertaining to the genital region. 

Pulmonary pul'mo-neh'e pertaining to the 
lrmgs. 

Pulmonary circulation system of blood 
vessels that earry blood to and from the lrmgs 
for gas exchange. 


Pulmonary edema e-de' mah a leakage 
of fluid into the air saes and tissue of the 
lrmgs. 

Pulmonary ventilation breathing; eonsists 
of inspiration and expiration. 

Pulse the rhythmie expansion and reeoil of 
arteries resulting from heart eontraetion; ean 
be felt from the oritside of the body. 

Pupil an opening in the eenter of the iris 
throrigh which light enters the eye. 

Purkinje fìbers pur-kin'je the modified ear- 
diae muscle fibers of the eondrietion system of 
the heart. 

Pus the fluid product of inflammation eom- 
posed of white blood eells, the debris of dead 
eells, and a thin fluid. 

Pyelonephritis pi"é-lo-né-fri'tis an inflam- 
mation of the kidney pelvis and srirrormding 
kidney tissries. 

Pylorie region pi-lor'ik the final portion of 
the stomaeh; joins with the duodenum. 

Pyramid any eone-shaped stmetrire of an 
organ. 

Pyrogen pi'ro-jen an agent or ehemieal 
sribstanee that indriees fever. 

Quadriplegia kwod"ri-ple'je-ah the paraly- 
sis of all four limbs. 

Radiant energy energy of the eleetromag- 
netie speetmm, which includes heat, light, 
Liltraviolet waves, infrared waves, and other 
forms. 

Radiate ra'de-àt diverge from a eentral 
point. 

Radioaetivity the proeess of spontaneous 
deeay seen in some of the heavier isotopes, 
during which partieles or energy is emitted 
from the atomie nucleus; resrilts in the atom 
beeoming more stable. 

Radioisotope ra"de-o-i'si-tòp isotope that 
exhibits radioaetive behavior. 

Ramus ra'mns a braneh of a nerve, artery, 
vein, or bone. 

Reeeptor re-sep'tor (1) a peripheral nerve 
ending speeialized for response to particular 
types of stimrili; (2) molecule that binds 
speeifieally with other moleeriles, e.g., hor- 
mones and nerirotransmitters. 

Reduction restoring broken bone ends (or a 
disloeated bone) to its original position. 

Reflex automatic reaetion to a stimulus. 

Reflex are neural pathway for reflexes. 

Refraet bend; usually refers to light. 

Refraetory period re-frak' to-re the period 
of rmresponsiveness to threshold stimrilation. 

Regulatory T eell type of T lymphoeyte that 
slows or stops aetivity of B and T eells onee 
the antigenie threat is ended. 

Renal re'nal pertaining to the kidney. 

Renal calculus re'nal kal'ku-lus a kidney 
stone. 

Renin re'nin a sribstanee released by the 
kidneys that is involved with raising blood 
pressure. 

Repolarization restoration of the mem- 
brane potential to the initial resting (polar- 
ized) state. 
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Reproductive system organ system that 
functions to produce offspring. 

Respiratory system organ system that ear- 
ries out gas exchange; includes the nose, 
pharynx, larynx, traehea, bronehi, and lungs. 

Responsiveness the ability to sense 
ehanges (stimuli) in the environment and then 
to reaet to them; see also irritability . 

Reticulum ré-tik'u-lum a fine network. 

Retina ret' í-nah light-sensitive layer of the 
eye; eontains rods and eones. 

Ribonucleic aeid (RNA) ri"bo-nu-kle'ie the 
nucleic aeid that eontains ribose; aets in pro- 
tein synthesis. 

Ribosomes ri'bo-sómz eytoplasmie organelles 
at which proteins are synthesized. 

Rods one of the two types of photosensitive 
eells in the retina. 

Rotate to turn about an axis. 

Rugae roo'ge elevations or ridges, as in the 
mucosa of the stomaeh. 

Saeral sa'kral the lower portion of the baek, 
just superior to the brittoeks. 

Sagittal seetion (plane) sa'jih-tul a longi- 
tridinal (vertieal) plane that divides the body 
or any of its parts into right and left portions. 

Saliva sah-li'vah the seeretion of salivary 
gland, which is ducted into the mouth. 

Salt ionie eompormd that dissoeiates into 
eharged partieles (other than hydrogen or 
hydroxyl ions) when dissolved in water. 

Sareomere sar' ko-mer the smallest eontrae- 
tile unit of muscle; extends from one Z dise to 
the next. 

Selera skle'rah the firm white fibroris outer 
layer of the eyeball; proteets and maintains 
eyeball shape. 

Sebaceous glands se-ha'shus glands that 
empty their sebum seeretion into hair follieles. 

Sebum se'bnm the oily seeretion of seba- 
ceous glands. 

Seeond messenger intraeellrilar moleerile 
generated by binding of a ehemieal to a mem- 
brane reeeptor; mediates intraeelliilar responses. 

Seeondary humoral response seeond and 
subsequent responses of the hrimoral arm of 
the immrme system to a previorisly met anti- 
gen; more rapid and more vigororis than the 
primary response. 

Seeondary sex eharaeteristies anatomieal 
featrires that develop rmder inflrienee of sex 
hormones (male or female pattern of muscle 
development, bone growth, body hair, ete.) 
that are not direetly involved in the reprodrie- 
tive proeess. 

Seeretion se-kre'shun (1) the passage of 
material formed by a eell to its exterior; (2) eell 
prodriet that is transported to the eell exterior. 

Semen se'men fluid mixture prodrieed by 
male reprodrietive structures; eontains sperm, 
nritrients, and mucus. 

Semihinar valves sem"e-lu'nar valves that 
prevent blood return to the ventrieles after 
eontraetion. 

Seminiferous tubules se"mì-nif'er-us highly 
convoluted tubes within the testes that form 
sperm. 


Sensory nerve a nerve that eontains 
proeesses of sensory neurons and earries 
nerve imprilses to the eentral nervoris system. 

Sensory nerve eell (neuron) an initiator of 
nerve imprilses following reeeptor stimulation. 

Serous fluid ser'us a elear, watery fluid 
seereted by the eells of a serous membrane. 

Serous membrane membrane that lines a 
eavity without an opening to the outside of 
the body (except for joint eavities, which have 
a synovial membrane); serosa. 

Sex ehromosomes ehromosomes that deter- 
mine genetie sex; the X and Y ehromosomes. 

Shoulder girdle eomposite of two bones, 
seaprila and elaviele, that attaeh the upper 
limb to the axial skeleton; also ealled the pee- 
toral girdle. 

Sinoatrial node si"no-a'tre-al the mass of 
speeialized myoeardial eells in the wall of the 
right atrium; paeemaker of the heart. 

Sinus si'nns (1) a mucous membrane-lined, 
air-filled eavity in eertain eranial bones; (2) a 
dilated ehannel for passage of blood or lymph. 

Skeletal muscle muscle eomposed of eylin- 
drieal multinucleate eells with obvious stria- 
tions; the muscle(s) attaehed to the body’s 
skeleton; also ealled volnntary mnsele. 

Skeletal system system of proteetion and 
sripport eomposed primarily of bone and 
eartilage. 

Skull bony enclosure for the brain. 

Smooth muscle muscle eonsisting of spin- 
dle-shaped, rmstriped (nonstriated) muscle 
eells; involrmtary muscle. 

Solute sol'yoot the dissolved substance in a 
solution. 

Solution a homogenoris mixture of two or 
more eomponents. 

Somatie nervous system so-mat' ik a divi- 
sion of the peripheral nervoris system; also 
ealled the volrmtary nervoris system. 

Sperm mature male sex eell. 

Spermatogenesis sper"mah-to-jen'é-sis the 
proeess of sperm production in the male; 
involves meiosis. 

Sphineter sfink'ter a eirerilar muscle sur- 
rormding an opening; aets as a valve. 

Spinal nerves the 31 pairs of nerves that 
arise from the spinal eord. 

Squamous skwa'mus (1) flat, sealelike; 
(2) pertaining to flat, thin eells that form the 
free surface of some epithelial tissries. 

Stasis sta'sis (1) a deerease or stoppage of 
flow; (2) a state of nonehange. 

Statie equilibrium stat'ik e"kwì-lib' re-um 
balanee eoneerned with ehanges in the posi- 
tion of the head. 

Stenosis sté-no'sis abnormal eonstrietion or 
narrowing. 

Sternal breastbone area. 

Steroids sté'roidz a speeifie group of ehem- 
ieal substances inelriding eertain hormones 
and eholesterol. 

Stimulus stim'u-lus an excitant or irritant; a 
ehange in the environment prodrieing a 
response. 

Stratum stra'tum a layer. 


Stressor any stimulus that direetly or indi- 
reetly causes the hypothalamris to initiate 
stress-reducing responses, such as the fight- 
or-flight response. 

Striated muscle stri'àt-ed muscle eonsisting 
of eross-striated (eross-striped) muscle fibers; 
inelrides eardiae and skeletal muscle. 

Stroke a eondition in which brain tissue is 
deprived of a blood supply, as in bloekage of 
a eerebral blood vessel. 

Stroke volume a volume of blood ejeeted 
by a ventriele during systole. 

Subcutaneous sub"ku-ta'ne-us beneath the 
skin. 

Sudoriferous glands su" do-rf'er-us see 
sweat glands. 

Sulcus sul'kus a furrow on the brain, less 
deep than a fissure. 

Summation sum-ma' shun the aeeiimiila- 
tion of effeets, espeeially those of muscular, 
sensory, or mental stimrili. 

Superfìcial (external) loeated elose to or 
on the body surface. 

Superior refers to the head or upper body 
regions. 

Supination su"pí-na' shun the outward 
rotation of the forearm earising palms to faee 
anteriorly. 

Supine refers to a body lying with the faee 
upward. 

Surfactant sur-fak'tant a ehemieal sub- 
stanee eoating the prilmonary alveoli walls 
that redriees srirfaee tension, thus preventing 
eollapse of the alveoli after expiration. 

Sutures soo'ehiirz immovable fibroris joints 
that eonneet the bones of the adult skull. 

Sweat glands the glands that prodriee a 
saline solution ealled sweat; also ealled sridorif- 
erous glands. 

Sympathetie division a division of the 
autonomic nervoris system; opposes parasym- 
pathetie functions; ealled the fight-or-flight 
division. 

Synapse sin'aps the region of eommrmiea- 
tion between nerirons, or a neuromuscular 
jrmetion between a neuron and a muscle eell. 

Synaptie eleft sí-nap'tik the flriid-filled 
spaee at a synapse between neurons. 

Synarthrosis sin"ar-thro'sis an immovable 
joint. 

Synergists sin'er-jists mriseles eooperating 
with another muscle or muscle group to pro- 
duce a desired movement. 

Synovial fluid si-no've-al a fluid seereted 
by the synovial membrane; lubricates joint 
srirfaees and nourishes artierilar eartilages. 

Synovial joint freely movable joint exhibit- 
ing a joint eavity enelosed by a fibrous capsule 
lined with synovial membrane. 

Synovial membrane membrane that lines 
the fibroris capsule of a synovial joint. 

Synthesis reaetion ehemieal reaetion in 
which larger molecules are formed from sim- 
pler ones. 

System a group of organs that function 
eooperatively to aeeomplish a eommon pur- 
pose; there are eleven major systems in the 
human body. 
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Systemie sis-tem'ik general; pertaining to 
the whole body. 

Systemie circulation system of blood ves- 
sels that earries nutrient- and oxygen-rich 
blood to all body organs. 

Systemie edema é-de' mah an accumulation 
of fluid in body organs or tissues. 

Systole sis'to-le the eontraetion phase of 
heart aetivity. 

Systolie pressure sis-tol'ik the pressrire 
generated by the left ventriele during systole. 

T eells lymphoeytes that mediate eellrilar 
immrmity; include helper, cytoxic, regrilatory, 
and memory eells. Also ealled T lymphoeytes. 

Taehyeardia tak"e-kar'de-ah an abnormal, 
excessively rapid heart rate; over 100 beats 
per minute. 

Tarsal tahr'sal one of the seven bones that 
form the ankle and heel. 

Taste buds reeeptors for taste on the 
tongue, roof of mouth, and pharynx. 

Tendon ten'dun eord of dense fibroris tis- 
sue attaehing a muscle to a bone. 

Testis tes'tis the male primary sex organ that 
produces sperm. 

Testosterone tes-tos'té-ròn male sex hor- 
mone prodrieed by the testes; during puberty 
promotes virilization and is neeessary for nor- 
mal sperm prodrietion. 

Tetanus tet'ah-nus (1) the tense, eontraeted 
state of a muscle; (2) an infeetioris disease. 

Thalamus tha'liih-mis a mass of gray mat- 
ter in the dieneephalon of the brain. 

Thermoreeeptor ther"mo-re-sep' ter a reeep- 
tor sensitive to temperature ehanges. 

Thoraeie tho-ras'ik refers to the ehest. 

Thorax tho'raks that portion of the body 
tmnk above the diaphragm and below the 
neek. 

Threshold stimulus the weakest stimulus 
eapable of prodrieing a response in an irrita- 
ble tissue. 

Thrombin throm'bin an enzyme that indriees 
elotting by eonverting fibrinogen to fibrin. 

Thrombophlebitis throm"bo-fle-bi' tis an 
inflammation of a vein assoeiated with blood 
elot formation. 

Thrombus throm'bns a fixed elot that 
develops and persists in an rmbroken blood 
vessel. 

Thymus thi' mus an endoerine gland aetive 
in the immrme response. 

Thyroid gland thi'roid one of the largest of 
the body’s endoerine glands; straddles the 
anterior traehea. 

Tidal volume amormt of air inhaled or 
exhaled with a normal breath. 

Tissue a group of similar eells speeialized to 
perform a speeifie frmetion; primary tissue 
types are epithelial, eonneetive, muscle, and 
nervoris tissries. 


Traehea tra'ke-ah The windpipe; the respi- 
ratory tube extending from larynx to bronehi. 

Traet a eolleetion of nerve fibers in the 
CNS having the same origin, termination, and 
frmetion. 

Transverse plane plane that divides the 
body or its parts into sriperior and inferior 
portions; also ealled a eross seetion. 

Trauma traw' mah an injury, wound, or 
shoek; usually produced by external forees. 

Triglyeerides tri-glis'er-ìdz eompormds 
eomposed of fatty aeids and glyeerol; fats and 
oils; also ealled neutral fats. 

Troehanter tro-kan'ter a large, somewhat 
blrmt proeess. 

Tropie hormone tròp'ik a hormone that 
regrilates the function of another endoerine 
organ. 

Tubercle tu'ber-kul a nodule or small 
rormded proeess. 

Tuberosity tu"bé-ros' í-te a broad proeess, 
larger than a triberele. 

Tunica too'ni-kah a eovering or tissue eoat; 
layer. 

Tympanie membrane tim-pan'ik the 
eardmrn. 

Ulcer ul'ser a lesion or erosion of the 
mucous membrane, such as gastrie ulcer of 
stomaeh. 

UmbiUcal eord um-bi'lì-kul a striietrire 
bearing arteries and veins eonneeting the pla- 
eenta and the fetus. 

Umbilicus um-bi'li-kus navel; marks site of 
the rimbilieal eord in the fetal stage. 

Urea u-re'ah the main nitrogen-eontaining 
waste excreted in the urine. 

Ureters u-re'terz tubes that earry urine from 
kidney to bladder. 

Urethra u-re'thrah the eanal throrigh which 
urine passes from the bladder to the outside 
of the body. 

Urinary system system primarily responsi- 
ble for water, eleetrolyte, and aeid-base bal- 
anee and the removal of nitrogen-eontaining 
wastes from the blood. 

Urine filtrate eontaining waste and excess 
ions excreted by the kidneys. 

Uterine tube the ovidriet. The tube throrigh 
which the ovum is transported to the uterus; 
also ealled fallopian tube. 

Uterus u ' ter-us hollow pelvie organ of the 
female reprodrietive system that frmetions to 
reeeive, retain, and norirish a fertilized egg. 

Uvula u'vu-lah tissue tag hanging from soft 
palate. 

Valenee shell va'lens the oritermost energy 
level of an atom that eontains eleetrons; the 
eleetrons in the valenee shell determine the 
bonding behavior of the atom. 


Vas vas a duct; vessel. 

Vascular vas'kn-lar pertaining to blood 
ehannels or vessels. 

Vasoeonstrietion vas"o-kon-strik'shun nar- 
rowing of blood vessels. 

Vasodilation vas"o-di-la'shun relaxation of 
the smooth mriseles of blood vessels, produc- 
ing dilation. 

Vasomotor nerve fìbers vas-o-mo'tor the 
nerve fibers that regrilate the eonstrietion or 
dilation of blood vessels. 

Vein van a vessel earrying blood away from 
the tissries toward the heart. 

Venae eavae two large blood vessels that 
drain oxygen-poor blood from the veins into 
the right side of the heart. 

Ventral anterior or front. 

Ventrieles ven'tri-knlz (1) diseharging 
ehambers of the heart; (2) eavities within the 
brain. 

Venule ven'nl a small vein. 

Vertebral column the spine, formed of a 
number of individrial bones ealled vertebrae 
and two eomposite bones (saemm and coccyx). 

Vesicular folliele a mature ovarian folliele. 

Villi vil'i fingerlike projeetions of the small 
intestinal mucosa that tremendorisly inerease 
its srirfaee area for absorption. 

Viseera vis'era the internal organs. 

Viseeral vis'er-al pertaining to the internal 
part of a structure or the internal organs. 

Viseosity vis-kos' i-te the state of being 
stieky or thiek. 

Visual acuity ah-ku' i-te the ability of the 
eye to distingriish detail. 

Vital eapaeity the volume of air that ean be 
expelled from the lrmgs by foreible expiration 
after the deepest inspiration; total exchange- 
able air. 

Vitamins organie eompormds required by 
the body in minute amormts for physiologieal 
maintenanee and growth. 

Vitreous humor a gel-like substance that 
helps prevent the eyeball from eollapsing 
inward by reinforeing it internally. 

Vohmtary muscle muscle rmder eontrol of 
the will; skeletal muscle. 

Vulva vnl'va female external genitalia. 

White matter white substance of the een- 
tral nervous system; the myelinated nerve 
fibers. 

Zygote zi'gòt the fertilized ovum; prodrieed 
by rmion of two gametes. 
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A (dark) bands, 186/ 187 , 191, 191/ 

ABCD(E) rule for reeognizing 
melanoma, 127 
Abdominal aorta, 374 , 375/ 
Abdominal eavity, 16/ 20 , 20/ 
wall muscles, 207-208, 208 f 
209 / 216 / 

Abdominal region, 16, l6f 
Abdominopelvie eavity, 20 
arteries of, 374, 375/ 
mesenteries of, 467, 470/ 
nerve supply of, 262? 
organs of, 21/ 465-474 
peritoneal attaehments, 467, 470/ 
quadrants of, 20/ 21 
regions of, 21, 21/ 
vagus nerve (X) and, 259? 
veins of, 376, 377/ 

Abducens nerve (VI), 149, 149/ 
258 / 260/ 282/ 

Abduction (movement), 199/ 200 , 
201/ 217?, 219? 

ABO blood groups, 350 , 351, 351/ 
3510 352/ 

Abortion, 565 , 571-5720 
Abseess, 407 

Absorption of food, 81, 477 , 480 
of earbohydrates, 472, 479/ 485 

epithelial tissue and, 88 

of fats, 479/ 485 

in large intestine, 487-488 
of proteins, 472, 479/ 485 
in small intestine, 472-473, 
483-484 

water and, 485, 487 
Abstinenee (eontraeeption), 5720 
Aeeessory nerve (XI), 2590 260/ 
Aeeommodation pupillary reflex, 291 
Aeeommodation, visual, 288 
Acetabulum, 162/ 163 
Aeetie aeid, 41, 42, 189/ 190, 494, 
495/ 496 

Aeetoaeetie aeids, 496 
Aeetyleholine (ACh), 188 , 189/ 
in Alzheimer’s disease, 2520 
eholinergie fibers and, 267 
in muscle eontraetion, 188-190, 

189/ 

myasthenia gravis and, 215 
in somatie nervous system, 265/ 
Aeetyleholinesterase (AChE), 

189/ 190 

ACh. See Aeetyleholine 
AChE (aeetyleholinesterase), 189/, 190 
Aehilles (ealeaneal) tendon, 213, 
214/ 218/ 

Aeid-ash diet, 521 
Aeid-base balanee, 530-532 

blood briffers and, 42, 338, 450, 

530- 532, 531/ 
pH and, 42, 43/ 

renal meehanisms in, 7, 532 
respiratory meehanisms in, 

531- 532 

Aeid group of amino aeids, 49 , 49/ 
Aeid mantle of skin, 1130 405, 4l0í 
Aeid mantle of vagina, 405, 410? 
Aeidosis, 324 , 338, 494 , 530 
physiologieal, 530 


Aeids, 39, 41-42 

strong/weak, 42, 531, 531/ 

Aeid solutions, 42, 43 / 

Aene, 121 , 128 

Acoustic meatus (external/internal), 

147 , 147/ 148/ 292/ 293 , 298/ 

Acoustic nerve. See 

Vestibulocochlear nerve 
Acquired immune defieieney 

syndrome (AIDS), 348, 427 , 
428-4296 

Acquired imimmity, 416-417, 416/ 
418, 420? 

Aeromegaly, 314 
Aeromial region, 16 , 16/ 
Acromioclavicular joint, 158 , 159/ 
Aeromion, 158 , 159/ 170/ 
Aerosomal reaetion, 559 
Aerosome of sperm, 545 , 546/ 
ACTH. See Adrenoeortieotropie 
hormone 

Aetin, 71 , 186/ 187 
Aetin filaments, 71 , 72/ 186/ 187 , 
191, 192/ 

Aetion potential, 190 , 237 . See also 
Nerve impulse 

Aetive immunity, 416 - 417 , 416/ 
Aetive membrane transport, 76, 
78-81 

in absorption of food, 485 
sodium-potassium pump and, 

78/ 79, 190, 236/ 237 
vesicular, 79-81, 79/ 80/ 

Aetive sites, 50 - 51 , 53/ 

Acute (immediate) hypersensitivity, 

426 , 427/ 

AD. See Alzheimer’s disease 
Adam’s apple (thyroid eartilage), 439 

Adaptation 

auditory, 298 
olfaetory, 301 

Adaptive body defenses, 404 , 404/ 

411-429 

age-related ehanges in, 431 

antigens and, 411-412 

eells of, 3436 345-346, 412-414, 

424-425 ?, 431 

cellular (eell-mediated), 411, 
420-422 

disorders of, 425-427, 428-4296 
humoral (antibody-mediated), 

411, 414-420 
summary flowchart, 423/ 
Addison’s disease, 322 , 530 
Adduction (movement), 199/ 200 , 
201/ 207, 2176 219? 

Adductor muscles, 2116 212 f 213 , 

216/ 2176 218/ 

Adenine (A), 53 , 54/ 56/ 57, 81, 82/ 
Adenoeareinoma, 458 
Adenoids, 438/ 439 

Adenosine diphosphate. See ADP 
Adenosine triphosphate. See ATP 
ADH. See Antidiuretic hormone 
Adhesions, periearditis and, 357 
Adipose tissue (fat), 75 , 97 . See 
also Fat 

Adoleseenee, 120-121, 128, 140-141, 
141/ 174, 174/ 215, 569 

ADP (adenosine diphosphate), 38, 

39/ 57 , 78/ 

ATP and, 56/ 57, 57/ 193, 

194/ 493 

Adrenal cortex, 46?, 320, 320 , 321/ 
hormones of, 311, 311/ 320-322, 

322/ 323/ 3296 33lf 


hyperseeretion and, 322 
hyposeeretion and, 322 
in stress response, 323-324, 323/ 
Adrenal glands, 4, 5/ 312/ 320-324 
ANS innervation/effeets, 

266/ 268t 

cortex of. See Adrenal cortex 
hormones produced by, 

320-324, 329 1 

kidneys in relation to, 513/ 514 
medulla of. See Adrenal medulla 
mieroseopie structure of, 

320 , 321 / 

Adrenaline. See Epinephrine 
Adrenal medulla, 46t, 312/ 320, 
321 / 322 

ANS innervation/effeets, 

266/ 268t 

damage to, 324 
hormones of, 311/ 312, 

322-324, 323/ 329 1 

short-term stress response 
and, 323/ 

Adrenergie fibers, 267 
Adrenoeortieotropie hormone 

(ACTH), 313, 313/ 314 , 

321 , 328 1 

Adult polyeystie kidney disease, 

532 , 535 

Adventitia, 441/ 

Aerobie (endurance) exercise, 

196 , 196/ 

benefits of, 393 
Aerobie cellular respiration, 

193-194, 194/ 

Afferent (sensory) division of PNS, 
227/ 228 

Afferent (sensory) nerves, 257 
Afferent (sensory) neurons, 114/ 

233-234, 233/ 

Afferent (sensory) traets, 255, 256/ 
Afferent arteriole of nephron, 515/ 
516/ 517 

Afferent lymphatie vessels, 402 , 402/ 
Afferent pathways in homeostatie 
meehanisms, 12, 13/ 

Afterbirth, 568 
Ag. See Antigens 
Agglutination, 350 , 418, 419 , 

419/ 420 1 

Agglutinins, 350 

Agglutinogens (RBC antigens), 350 
Aging proeess, 13. See also under 
speeifie organ systems 
causal theories of, 104 
Agranulocytes of white blood eells, 

342, 3436 344 

AIDS (acquired immune defieieney 

syndrome), 427 , 428-4296 

Air 

in breathing meehanies, 

445-447, 446/ 

breathing volumes/eapaeities 

and, 448, 448/ 

nonrespiratory movements of, 

448-449, 449 1 

residual, 448 

route through respiratory traet, 

436-444 

Air-blood barrier, 444-445, 444/ 

Air eavities (sinuses), 147, 149 

Air saes. See Alveoli 

Alae 

of ilium, 161, 162/ 
of saemm, 156 , 156/ 

Albumin, 338 , 339/ 496 


Albuminuria, 522 1 
Aleohol 

blood-brain barrier and, 250 
blood pressure and, 387 
cerebellum affeeted by, 247 
CNS effeets of, 273 
Aldosterone, 46t, 320 , 528 
atrial natriuretic peptide 
hormone and, 331 1 
blood pressure and, 387 
in blood volume regulation, 

320-321, 322/ 528, 529/ 

hyposeeretion of, 322, 530 
in sodium/potassium balanee, 
321, 322/ 

Alimentary eanal, 465 - 466 . See also 
Digestive traet 
Alkaline-ash diet, 521 
Alkaline solritions, 42, 43 / 

Alkalosis, 338, 530 
Allergens, 426, 427/ 

Allergies (hypersensitivities), 412, 

426-427 
acute, 426, 427/ 
allergie asthma, 45 6b 
antigens and, 411-412 
eontaet dermatitis, 427 
delayed, 427 
eosinophils and, 343? 

IgE antibodies and, 418, 420? 
Allografts, 422 , 425 
All-or-none response, 190, 191, 237 
Alopeeia, 128 

Alpha brain waves, 2706, 270/ 
Alpha eells of panereatie islets, 

325 , 325/ 

Alpha helix structure of proteins, 

50 , 51/ 

Alpha partieles, 31 

Alveolar duct, 443 , 443/ 

Alveolar glands of breasts, 557 , 557/ 
Alveolar maerophages, 444—445, 

444 f 

Alveolar pore, 443/ 444 , 444/ 

Alveolar proeesses 

mandibular, 147/ 149/ 151 
maxillary, 147/ 149/ 150 
tooth soekets and, 151 

Alveolar saes, 443 , 443/ 

Alveoli (air saes), 4, 436, 443-445 

epithelium of, 88, 9Q f 

gas exchanges and, 449, 450, 
450/ 451/ 

Alzheimer’s disease (AD), 106, 

11 / 2526 

Amine group of amino aeids, 49, 49/ 
Amino aeids, 49-50, 49/ 
absorption of, 479/ 
eonverted to glucose, 496, 497/ 
as energy source, 194, 19 4f 
essential, 490, 491/ 

hormones derived from, 309 , 

313, 328? 

in interstitial fluid, 75 
in protein metabolism, 494, 495/ 
in protein synthesis, 85-87, 86/ 
in synthesis reaetions, 38, 39/ 
tubular reabsorption of, 518, 

518/ 519/ 

Aminopeptidase, 479/ 

Amitotie tissues, 104 
Ammonia, 43/ 494, 496 
Amnion, 561/ 562 
Amniotie fluid, 41 
Amniotie sae, 562/ 

Amoeboid motion, 342 
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Amphetamines, diets and, 504-505 
Amphiarthroses, 167, 168/ 169 t 
Ampnlla 

of ductus deferens, 541, 

541/ 542/ 

of semicircular eanals, 295, 

295/ 297 

amu. See Atomie mass number 
Anabolie steroids, 204-2056 
Anabolie synthesis reaetions, 38, 39/ 
Anabolism, 491 

Anaerobie glyeolysis, 194, 194/ 

Anal eanal, 465/ 473 f 474 

Anal sphineters (external/internal), 

473/ 474 

Anaphase stage of mitosis, 82, 83/ 
Anaphylaetie shoek, 426 
Anatomieal neek of humerus, 

158 , 160 / 

Anatomieal position, 14, 15 1, 16/ 
Anatomieal terminology, 14-18, 
20-22 

body eavities, 18, 20-22, 20/ 
body landmarks, 14, 16-17, 16/ 
body planes, 17, 18/ 
body seetions, 17, 18/ 
body surface features, 14, 16-17, 
16 / 

direetional, 14, 15 1 
orientational, 14, 15 1 
regional, 14, 16-17, 16/ 

Anatomy, 1—2 
gross, 2 
mieroseopie, 2 

Anehoring junctions, 67, 67/ 
Androgens, 121, 327, 329 1 
Androstenedione, 204-2056 
Anemia, 341-342, 341 1 

aging and, 352 

aplastie, 341 1 
iron-defieieney, 341 1 
pernicious, 341 t, 352 
whole blood transfusions and, 350 
Aneneephaly, 271 
Anestheties, blood-brain barrier 
and, 250 

Angina peetoris, 363 
Angioplasty, balloon, 3896 
Angiotensin II, 321, 387 
Angnlar movements 

of head, 295, 295/ 297 

of hinge joints, 170, 171/ 

Anions, 28 1, 34 
aeids and, 41, 42 
Ankle (tarsal region), 16/ 17 
Ankle joint, 170, 171/ 

malleolus of, 164, 164/ 214/ 
movements allowed by, 199/, 200 
muscles aeting on, 213, 214 f 
Ankylosis, 172, 173/ 

Anosmias (olfaetory disorders), 301 
ANP (atrial natriuretic peptide), 

321, 322/ 331í 

ANS. See Antonomie nervous system 
Antagonist muscles, 200 
Antebraehial region, 16, 16/ 
Antecubital region, 16, 16/ 

Anterior (ventral) horn, 254, 255/ 
Anterior direetion/orientation, 15 1 
Anterior region of body, 14, 16-17, 
16 / 

Antibodies (immunoglobulins/Igs), 

350, 417-420 

in aetive immunity, 416-417, 41 6/ 
blood groups and, 350 
B lymphoeytes and, 3436 412, 

415, 417, 420 t 
elasses of, 418, 420 1 
during immrme responses, 

415, 416/ 

as frmetional proteins, 50, 52/ 52 1 
meehanism of aetion, 418-420, 
419/ 


monoelonal, 417 
in passive immrmity, 416/ 417 
plasma eells and, 402, 414, 415, 
415/ 423/ 424 1 

structure of, 417-418, 418/ 
Antibody-mediated (humoral) 

immunity, 411, 414-420 
elonal seleetion and, 414-415, 
415 f 

primary response, 414-416, 415/ 
416/ 

seeondary response, 415-416, 

415/ 416/ 

stimuli, hormone seeretion and, 
311-312, 311/ 
summary flowchart, 423/ 
Anticoagulants, basophils and, 343 1 
Antieodons, 86/ 87 
Antidiriretie hormone, 315, 315/ 
317, 328/ 528, 529/ 

Antigen (Ag), 425 1 
Antigen-antibody complexes, 418, 

419-420, 419/ 

Antigen-binding site, 417, 418/ 
Antigen presentation, 414, 420-421, 
421/ 424 t 

Antigen-presenting eells (APCs), 4, 

412, 414, 423/ 

summary, 424 1 
Antigens (Ag), 350, 411 

ABO blood groups and, 350 
allergens and, 426, 427/ 
inaetivation by antibodies, 

418-420, 419/ 420? 
ineomplete (hapten), 412, 426, 
427 

nonself, 411-412 

primary immrme response to, 

414-416, 415/ 416/ 

Rh, 350 
self, 412 

sribstanees aeting as, 411-412 
T eell aetivation and, 420-422, 
421/ 

Antihistamine drugs, 426, 427 
Antimierobial ehemieals in body 

defenses, 408-409, 409/ 4l0í 

Antioneogenes (tumor suppressor 
genes), 1026 

Antioxidants, vitamin E as, 46 1 
Antitoxin immrme serum, 417 
Antivenom immrme serum, 417 
Antiviral drugs, 4296 
Antmm, 548/ 552 
Anucleate eells, 340 
Anular ring, 282/ 

Anuria, 518 

Anus, 6/ 7, 465/ 466, 473, 474, 550/ 

peritoneal attaehments and, 470/ 
Anvil (incus) bone, 292/ 293, 297, 
298 / 

Aorta, 358/ 360/ 374, 375/ 381/ 513/ 
lymphatie vessels and, 401/ 
Aortie areh, 359/ 374, 375/ 

Aortie body, 454/ 455 

Aortie heart valve, 360/ 362/ 363 

APCs (antigen-presenting eells), 4, 

412, 414, 423/ 

Apex of heart, 357, 358/ 359/ 

Apex of lungs, 441, 442/ 

Aphasias (motor/sensory), 251 
Apieal srirfaee of epithelial 
membranes, 88 , 89/ 

Aplastie anemia, 341 1 
Apnea, 455 

Apoerine glands, 121 
Aponeuroses, 183 

abdominal wall, 207/ 
eranial, 205, 206/ 

Appendages of skin, 114 f 119-123 
Appendieitis, 474, 503 
Appendicular skeleton, 134, 145, 

158-165 


lower limbs of, 163-165 
peetoral (shoulder) girdle of, 

158, 159/ 

pelvie (hip) girdle of, 161-163 
upper limbs of, 158, 160-161 

Appendix, 21/ 403, 403/ 465/ 

473/ 474 

Appetite 

age-related ehanges in, 304 
eenters, in brain, 246, 498 
leptin hormone and, 331 1 
Appositional growth of long bones, 

140, 140/ 141/ 

Aquaporins of plasma membrane, 
77, 77/ 

Aqueous humor, 281, 283/ 287 
Araehnoid mater 

of brain, 247, 248/ 249/ 

of spinal eord, 253, 255/ 

Araehnoid villi, 247, 248/ 249/ 
Arehes of foot, 165, 165/ 

Arehes of vertebrae, 153, 154/ 155/ 
Arcuate arteries, 374, 375/ 514, 
515/ 516/ 

Arcuate veins, 514, 515/ 516/ 
Areola, 557, 557/ 

Areolar eonneetive tissue, 95/ 97 
of dermis, 116, 117/ 

Arm (braehial region), 16, 1 6/ 
arteries of, 374, 375/ 
blood pressure measurement 
and, 384, 385/ 
bone of, 158, 160/ 
hyperextension movement of, 

197, 198/ 

rmiseles of, 207, 207/ 209, 210, 

216/ 217 t, 218/ 219? 
nerve supply of, 158, 262/ 262t, 

265/ 

veins of, 376, 377/ 

Armpit (axillary region), 16, 16/ 
Aromas 

olfaetory reeeptors and, 300-301, 
300/ 

taste sense and, 302 
Arreetor pili muscles, 122/ 123 
ANS innervation/effeets, 266/ 
268t 

Arterial pulse, 383, 383/ 

Arteries, 370, 371/ 374-376, 375/ 
atheroselerosis and, 388-3896 
blood pressure in, 372 

eapillaries vs., 371/ 372-373 

fetal, 380, 381/ 

lymphatie vessels in relation to, 

399, 399/ 

major, of systemie circulation, 

374-376, 375/ 

of pulmonary circuit, 360, 360/ 
pulse pressure points and, 

383, 383/ 

siipplying the brain, 379-380, 579/ 
veins vs., 371/ 372 
Arterioles, 370, 371/ 

afferent/efferent, in nephrons, 

515/ 516/ 517 
terminal, 373, 373/ 
Arterioselerosis, 271, 273, 388-3896 
Arthritis, 172-173, 173/ 

Articular capsule, 169, 170/ 
of elbow joint, 168/ 
of interearpal joints of hand, 168/ 
of shoulder joint, 168/ 
of synovial joint, 112/ 168/ 116/ 
Articular eartilage, 137/ 138, 

169, 170/ 

bone growth/remodeling and, 

140-141, 140/ 141/ 
of elbow joint, 168/ 
hyaline eartilage of, 112/ 137/ 
138, 169, 170/ 

of shoulder joint, 168/ 
of synovial joints, 112/ 169, 170/ 


Articular proeesses of vertebrae, 

154, 154/ 155/ 

Articular srirfaees 
faeets as, 142/ 142 1 
fossa serving as, 142/ l42t 
Articulations, 165 See also Joints 
Artifieial joints, 166-1676 
Artifieially acquired passive 
immunity, 416/ 417 
Aseending (sensory) traets, 241, 

244-246, 244/ 245/ 254-255 

sehematie, 256/ 

Aseending aorta, 359/ 374, 375/ 
Aseending eolon, 21/ 465/ 473/ 474 
Aspartie aeid, structure of, 49/ 
Aspirin, atheroselerosis and, 3896 
Assoeiation areas of brain, 242/ 243 
Assoeiation fiber traets, 244, 244/^ 
Assoeiation nerirons (internerirons), 

234 

Asthma, 460 

allergens and, 426, 4566 
allergie, 426, 4566 
breathing meehanies and, 447 
Astigmatism, 2916 

Astroeytes, 228-229, 229/ 

Ataxia, 247 
Ateleetasis, 447 

Atheroselerosis, 369 , 385, 388-3896, 
390 

Athletes, performanee enhaneing 
drugs and, 204-2056 
Atlas (e/, 153/ 154, 155/ 

pivot joint of, 170 
rotational movements of, 1 98/ 200 
Atmospherie pressure, 12 

intrapleriral pressure and, 447 
intrapulmonary volume and, 447, 

447/ 

Atomie mass, 30-31, 32 1 
Atomie mass number (amu), 30, 

31/ 32 1 

of subatomic partieles, 27, 29, 29 1 
Atomie number, 30, 32 1 
Atomie symbol, 27 

of eommon elements, 28/ 32 1 

Atomie weight, 30-31, 31/ 

of eommon elements, 32 1 

Atoms, 2, 3/ 27-31, 32 1 

ehemieal reaetivity of, 34, 5/f 
models of, 29-30, 29/ 

ATP (adenosine triphosphate), 56/ 

57, 488 

ADP and, 38, 39/ 56/ 57, 57/ 
amino aeids used to form, 

494, 495/ 

cellular respiration and, 492-493, 

492 f 

as ehemieal energy for cellular 

work, 26, 488, 491 

endoeytosis and, 80-81, 80/ 
energy yields and, 57, 57/ 185, 
498, 500 

exchange reaetions and, 38, 39/ 
exocytosis and, 79-80, 79/ 
glucose and, 45, 491-494, 492/ 
hydrolysis of, 56/ 57 
membrane transport proeesses 
and, 78-81 

metabolism and, 9, 45, 488, 
491-494, 492/ 494, 495/ 
496, 497/ 

mitoehondria as supplier of, 68 
in miisele eontraetion, 57, 57/ 79, 
187, 192/ 193-194, 194/ 
myosin heads and, 192/ 
in nerve impulses, 57, 57/ 79 
photoreeeptors and, 2866 
regeneration methods of, 

193-194, 194/ 

sodium-potassium pump and, 

78/79 

vesicular transport and, 79-81 
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ATPase enzyme, 187 
Atrial depolarization, 367/ 

Atrial natriuretic peptide (ANP), 

321, 322 / 331/ 

Atria of heart, 357-360, 359/ 360/ 
Atrioventricular (AV) bundle, 

364-365, 364/ 

Atrioventricular (AV) grooves, 359/ 

363 

Atrioventricular (AV) node, 364—365, 
364/ 367/ 

Atrioventrierilar (AV) valves, 

361-363, 362/ 

Atrophy, 104 
Atrophy of muscles, 195 
Attenriated vaeeines, 4l6 
Auditory area of eerebral cortex, 
241, 242/ 298 

Auditory eanal, 147, 14 /f 292/ 

293, 298 / 

Auditory nerve impulses, brain 
stem and, 245/ 

Auditory tubes, 292/ 293, 438 f 

439 

Auricle (pinna) of external ear, 

292 / 293, 298 / 

Aririele of left atrium, 359/ 
Auscultatory method of blood 
pressure measurement, 

384, 385/ 

Autografts, 422 

Aritoimmrme disorders, 425-426 
in children/young adults, 

4566 

multiple selerosis, 11 6, 232 
psoriasis, 126, 126/ 
regrilatory T eells and, 424/ 
rheumatoid arthritis, 172-173, 
173/ 

susceptibility with aging, 431 
Autologous ehondroeyte implanta- 
tion, 167 6 

Autonomic nervous system (ANS), 

227/ 228, 264-269 

anatomy of, 264-266, 266/ 
blood pressure and, 268t, 
385-386, 386/ 

eardiae output and, 368, 369/ 
hypothalamus and, 246 
intrinsie nerve plexuses of GI 

traet and, 467, 468/ 

as involuntary nervous system, 

227/ 228, 264 

nuclei of brain stem and, 246 
parasympathetie division, 264, 

265/ 266/ 268/ 269 
physiology of, 265/ 266-269, 

266/ 268 1 

somatie nervous system vs., 264, 

265 

sympathetie division, 264-269, 

265/ 266/ 268í 

Aritonomie srirvival behaviors, brain 
stem nuclei and, 246 
Aritonomie vs. somatie reflexes, 

238 , 239/ 

AV. See Atrioventricular 
Awake/sleep eyele, 246, 325, 327, 
328 1 

Axial skeleton, 134, 145-157 
skull, 145. See also Skull 
thoraeie eage, 145. See also 
Thoraeie eage 

vertebral column, 145. See also 
Vertebral column 
Axillary artery, 374, 375/ 

Axillary lymph nodes, 401, 401/ 
Axillary nerve, 262/ 263/ 

Axillary region, 16, 16/ 
apoerine glands of, 121 
arteries of, 374, 375/ 
veins of, 376, 377/ 

Axillary vein, 376, 377/ 


Axis (C 2 ), 153/ 154, 155/ 

pivot joints and, 170 
rotational movements and, 198/ 
200 

Axon hilloek, 230, 231/ 

Axons, 188, 230 

of bipolar/multipolar/unipolar 
nerirons, 235, 235/ 
eentral, 233/ 235, 235/ 

myelinated, 189/ 229 f 230-233, 
231/ 232/ 

at neuromuscular jrmetions, 

188-190, 189/ 

peripheral, 233/ 235, 235/ 
Schwann eells and, 230, 231/ 

232 , 232 / 

at synapses, 237, 238/ 
of typieal motor neuron, 188, 

188/ 189/ 230, 231/ 

Axon terminals, 188, 189 f 230, 231/ 
at neuromuscular jrmetion, 

188-190, 189/ 

at synapses, 237-238, 238/ 
Azygos vein, 376 

Baby/milk teeth, 474, 475/ 

Baek (dorsal) region, 16/ 17 
muscles of, 207, 208-209, 208/ 
216/ 218/ 219/ 219í 

vertebral column of. See vertebral 
colunm 

Baeteria, intestinal, 4 6t, 487 
Baeterial infeetions 

burn injriries and, 124 
hemolytie anemia caused by, 341/ 
peptie ulcers and, 486-4876 
staphyloeoeeal, 126, 126/ 

Balanee sense. See Equilibrium 
Baldness, male pattern, 128 
Ball-and-soeket joints, 169/ 171, 171/ 
movements of, 197, 198/ 200 
Balloon angioplasty, 3896 
Bare zone, 186/ 187 
Baroreeeptors, 386, 386/ 529/ 

530 

Barrier methods (eontraeeption), 
5716, 571/ 572/ 

Basal eell eareinoma, 126, 127/ 
Basal eells, 301, 302/ 

Basal ganglia. See Basal nuclei 
Basal metabolie rate (BMR), 499-500 
faetors inflrieneing, 499/ 

Basal nuclei of eerebmm, 241, 

244-245, 244/ 252-2536 
Basement membrane, 67/ 88 , 89/ 
90/ 91/ 371/ 

Bases, 42 

as inorganie compounds, 39 
of nrieleotides, 53, 54/ 56 
strong/weak, 42 
Basilar artery, 379/ 380 
Basilar membrane, 297/ 298, 299 
Basilie vein, 376, 377/ 

Basophils, 339/ 343/, 344, 424/ 

IgE immrmoglobin and, 420/ 

B eells (B lymphoeytes), 343/, 412 
antibodies and. See Antibodies 
as antigen presenters, 414 
elonal seleetion and, 414-415, 
415/ 424/ 
defieieney of, 427 

differentiation/aetivation of, 

412-414, 413/ 

helper T eells and, 421, 421/ 

HIV and, 428-4296 

IgD antibodies and, 420/ 

IgM antibodies and, 420/ 
in immrme response, 414-416, 

415/; 416/; 423/ 
lymph nodes and, 402, 413, 

413/ 424/ 

as memory eells, 415-416, 

415/; 423/ 


summary, 424/ 

as white blood eells, 343/, 412 
Bedsores (decubitus ulcers), 117, 

119 / 

Bee stings, 426 

Benign neoplasm (tumor), 1026 
Beta-amyloid peptide, 2526 
Beta brain waves, 2706, 270/ 

Beta eells of panereatie islets, 324, 

325/ 

Beta-pleated sheet structure of 
proteins, 50 , 51/ 

Biaxial synovial joints, 168 f, 170, 
171/ 

Biearbonate buffer system, 531, 531/ 
Biearbonate ions, 42, 450, 451/ 453 

in blood plasma, 339/ 
tubular reabsorption of, 518, 

518/ 519/ 

Bieeps braehii muscle, 203, 203 f 
207/ 210, 216/ 217/ 

Bieeps femoris muscle, 2116 213, 
218/ 219/ 

Bicuspid heart valve, 360/ 

361-363, 362/ 

Bicuspid teeth, 474, 475/ 

Bile/bile salts, 46/, 471, 476, 485 

eholeeystokinin hormone and, 

331/, 484, 484/ 
eholesterol and, 48-49 
in fat digestion, 7, 479/ 484-485, 
48 4f 

liver prodrietion of, 471, 476, 496 
seeretin hormone and, 331/ 
in urine, 522/ 

Bile duct, 471, 471/ 476 
Biliopanereatie diversion (BPD), 5056 
Bilimbin, 476 
Bilimbinriria, 522/ 

Binocular vision, 289, 289/ 
Binucleate eells, 83 
Bioehemistry, 39-57 
inorganie, 39-41 
organie, 43-57 
Biology, 1 
Biopsy 

bone, 346 

to diagnose eaneer, 1036 
Biorhythms, 246, 325, 327, 328/ 
Bipennate faseiele arrangement, 

203, 203/ 

Bipolar eells, 284, 28 Af, 2866 
Bipolar neurons, 235, 235>/ 

Birth eanal. See Vagina 
Birth eontrol methods, 570-5726 
flowchart, 571/ 

Bitter taste reeeptors, 301-302 
Blaekheads, 121 
Blastoeyst, 560/ 561 
Bleaehing of the pigment, 2866 
Bleeding disorders, 348 
Blepharospasm, 1186 
Blindness 
eolor, 285 
eongenital, 303 

night, 285 

Blind spot (optie dise), 283/ 285, 
287/ 

Blisters, 113, 124, 126 
Blood, 97, 337-355, 339/ 

aeid-base balanee and, 7, 28/, 

42, 530-532, 531/ 

age-related ehanges and, 352 
briffers of, 42, 338, 450, 530-532, 

531 / 

earbon dioxide-rich, in veins, 370 
cardiovascular system in relation 

to, 3, 356-357 

circulation of, 360, 361/ See also 
Blood vessels 
eomposition of, 96/ 97, 

337-338, 339/ 343/, 417 

developmental aspeets of, 352 


formation of, 4, 135, 344-346, 

345 / 

formed elements and, 338-344, 

339/ 343/ 

frmetions of, 337, 356-357 
gases transported in, 339/ 340, 

445, 450, 451/ 

hydrostatie pressure exerted 
by, 78 

interstitial fluid derived from, 64 
oxygen-rich, in arteries, 370 

ph of, 42, 43/ 338, 454-455, 

454/ 519 

plasma of, 97, 338, 339/ See also 
Plasma 

reservoirs for, 403 
sample testing sites, 156-157, 
376, 377/ 

temperatrire of, 338 
viseosity of, 341, 342, 385 
volume of, 338. See also Blood 
volume 

Blood banks, 350 
Blood-brain barrier, 247, 250 
Blood briffers. See ander Blood 
Blood calcium levels 

bone remodeling and, 140-141, 
141/ 

bone storage and homeostasis 

of, 135 

ealeitonin and, 319, 320/ 
eardiae effeets and, 368-369, 369/' 
parathyroid hormone and, 141, 
311-312, 311/ 319, 320/ 

Blood elotting (eoagrilation) 
arterioselerosis and, 3896 
ealeirim ions and, 28/, 135, 347, 

347 f 

disorders of, 348 
events of, 346-348, 347/ 
platelets and, 339/ 343/, 344, 
346-348, 347/ 

as positive feedbaek meehanism, 

13 

prostaglandins and, 331 / 
in tissue injury/repair, 101 
vitamin K essential to, 46/ 

Blood glucose levels 

ATP production and, 45, 

491-494, 492/ 

eateeholamine effeets on, 323, 

323/ 

growth hormone and, 314 
hormones regrilating, 13, 

324-325, 326/ 329/, 496 
insulin and, 324-325 
liver’s role in, 325, 32(/ 496, 497/' 
negative feedbaek meehanisms 

and, 13, 324-325, 326/ 328/ 

parasympathetie/sympathetie 
effeets on, 268/ 

Blood groups, 66, 348, 350-351, 
351/ 351/, 352/ 

Blood oxygen levels 

age-related ehanges in, 460 
eateeholamine effeets on, 323, 

323/ 

negative feedbaek meehanisms 
and, 13 

respiratory rate and, 453-455, 
454/ 

Blood pressure, 383-391 
age-related ehanges in, 387 
alehohol’s effeets on, 387 
in aorta, 38 4f 

arterial pulse and, 383, 383/ 
in arteries, 384/ 
in arterioles, 384/ 
brain stem nuclei and, 246 
in eapillaries, 38 Af, 390-391, 

391/ 

eardiae output and, 368, 369/ 

384-385 
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Blood pressure ( continued ) 
eleetrolyte balanee and, 

525-530, 529/ 

high (hypertension), 387, 390 
hormones affeeting, 46?, 315, 
331?, 387 

low (hypotension), 387 
measrirement of, 384, 385/ 
negative feedbaek meehanisms 
and, 13 

neural faetors affeeting, 268?, 
385-386, 386/ 
peripheral resistanee and, 
385-387 

pregnaney and, 566 
renal faetors affeeting, 386-387, 
386/ 512, 528, 529/ 530 
temperatiire effeets on, 387 
variations in normal, 387 
in veins, 384/ 
in venae eavae, 384 f 
in venules, 38 Af 
Blood pressrire cuff, 384, 385/ 
Blood sugar. See Glucose 
Blood transfrisions, 348 
HIV/AIDS and, 428-4296 
Blood typing, 351, 352/ 

Blood vessels, 2, 3/ 4, 5/ 370-391 
age-related ehanges in, 271 
arteries, 370. See also Arteries 
arterioles, 370, 371/ 373, 373/ 
384/ 

atheroselerosis and, 388-3896 
blood pressure and, 383. See 
also Blood pressure 
eapillaries, 370. See also 
Capillaries 

eapillary beds, 370. See also 
Capillary beds 
eardiae output and, 367-370 
eonstrietion of, 372. See also 
Vasoeonstrietion 
dilation of, 372. See also 
Vasodilation 
exercise benefits to, 393 
gross anatomy of, 374-377, 375/ 
377/ 

inflammatory response and, 405, 

406/ 

lymphatie vessels in relation to, 

399, 399/ 400/ 

medieal imaging techniques and, 
106, 11/ 

mieroeirerilations and, 373 
mieroseopie anatomy of, 
370-372, 371/ 

parasympathetie/sympathetie 
effeets on, 268?, 385-386, 
386/- 

peripheral resistanee and, 
385-387 

physiology of circulation. See 
Circulatory system 
pulmonary circulation, 358 f 359/,' 
360, 360/ 361/ 370, 442/ 

systemie eirerilation, 360, 361/ 

374-377, 375/ 377/ 

trmies (wall layers) of, 370-372, 

371/ 

veins, 370. See also Veins 
venules, 370 
Blood volume 

aldosterone and, 321, 322/ 528, 

529/ 

antidiuretic hormone and, 315 
atrial natririretie peptide and, 

315, 322/ 331? 

of average adult, 338, 368 
faetors affeeting, 368-370, 369/ 
hemorrhage and, 369/ 386 
kidneys’ role in, 386-387, 386/ 
512 

peripheral resistanee and, 385 


pregnaney and, 566 
stroke volume and, 367-368 
water intake/output and, 528, 

529/ 

B lymphoeytes. See B eells 
BMI (body mass index), 5046 
BMR (basal metabolie rate), 

499-500, 499? 

Body eavities, 16/ 18 
dorsal, 20 , 20/ 
ventral, 20-21, 20/ 

Body defenses, 403-429. See also 

Immrine system 

adaptive, 404, 411-429 
eells/ehemieals of, 404, 405-409, 
408/ 409/ 410? 

disorders of, 425-427, 428-4296 
innate, 404-409, 410? 
summaries of, 410?, 423/ 

424-425? 

srirfaee barriers of, 404-405, 

404/ 410? 

white blood eells and, 339/ 342, 
343?, 344 

Body flriids, 28?, 42, 43/ 

briffers in, 42, 338, 450, 530-532, 

531/ 

burn injury losses of, 124, 125/ 
Body heat 

blood’s distribrition of, 338 
eeerine sweat glands and, 121 
from energy eonversions, 27 
exhaustion vs. heat stroke, 502 
of muscle aetivity, 12, 185 
skin aids in regrilating, 113? 
as srirvival faetor, 9, 12 
sweat glands and, 113?, 121 
temperatrire regrilation, 500, 

501/ 502 

Body mass index (BMI), 5046 
Body membranes, 109-112 

eonneetive tissue, 109, 110, 112, 
112/ 

cutaneous, 109, 110, 111/ 
developmental aspeets of, 128 
dry vs. moist, 110 
epithelial, 109, 110, 111/ 
meningeal, 247, 248/ 
mucous. See Mucous membranes 
serous. See Serous membranes 
synovial. See Synovial membranes 
Body movements. See Movement 
(body) 

Body organ systems, 3-7, 5-6/ See 
also speeifie organ system 
Body planes, 17, 18/ 

Body proportions, 173-174, 174/ 
growth hormone imbalanees 

and, 314, 314/ 

Body seetions, 17, 18/ 

Body srirfaees terminology, 14, 
16-17, 16/ 

Body temperature, 9, 12 
Body temperatrire regrilation 
eapillary beds and, 112, 1136 

117, 500, 501/ 

dermal blood supply and, 3, 117 
fever and, 409, 410?, 502 
heat-loss meehanisms, 500, 501/ 
502 

heat-promoting meehanisms, 

500, 501/ 

hypothalamus and, 13, 246 
pyrogens and, 409 
sweat glands and, 113?, 121 
Body weight 

food intake regrilation and, 498 
foot as sripport for, 165 
metabolie rate and, 499-500, 499? 
obesity and, 12, 390, 503, 
504-5056 
Boils, 126 

Bolus of food, 476, 481, 481/ 


Bonds, ehemieal. See ehemieal bonds 
Bone (osseous tissue), 28?, 93, 946 
calcium of, 28?, 41, 93, 135, 138 
eells of, 93, 94/ 138, 139/ 
eompaet, 135, 135/ 138, 139/ 

as eonneetive tissue, 93, 946 100/ 

density, 104, 141, 175, 175/ 
losses of, 141, 174-175, 175/ 

regenerative abilities of, 101 

spongy, 135, 135/ 137/ 138 
Bone markings, 138, 142? 

Bone marrow 
biopsy of, 346 

blood eell formation in, 4, 135, 

344-346, 345/ 

eaneer of, 342 

erythropoietin and, 331?, 345, 

346/ 512 

fat stored in, 135, 138 

lymphoeytes and, 412, 413, 413/ 
red, 137/ 138, 344-345 
stem eells and, 431 
yellow, 137/ 138 
Bones, 3, 5/ 134-145. See also 

Skeleton 

age-related ehanges in, 104, 

174-175 

blood supply of, 138, 139/ 
elasses of, 135-136, 136/ 

disorders of, 141, 174-175, 175/ 
formation of, 139-140, 140/ 
fraetrires. See Fractures 
growth of, 139-141, 140/ 141/ 
matrix of, 138, 139/ 140-141 
movement of, 135. See also 
Movement 
nerve supply of, 138 
puberty and, 138, 140, 174, 1746 
remodeling of, 141, 141/ 
structure of, 137-139 
tensile strength of, 138 
Bone salts. See Calcium salts 
Bone spurs, 172 

Bony callus, 144-145, 1446 

Bony labyrinth of inner ear, 292/ 
293-294 

Bony pelvis, 20, l6l 

false/tme pelvis of, 163 
pelvie girdle vs., l6l 
Bony thorax (thoraeie eage), 145, 
146/ 156-157, 157/ 

Booster shots (vaeeines), 416 
Botox Cosmetic, 1186 
Botrilism, immrme semm to treat, 417 
Botrilism toxin type A, 1186 
Bowman’s capsule, 516/ 517, 519/ 
BPD (biliopanereatie diversion), 5056 
Braehial artery, 374, 375/ 

blood pressure measurement in, 

384, 385/ 

as pulse point, 383, 383/ 
Braehialis muscle, 207/ 210, 216/ 
217?, 218/ 

Braehial plexus, 26l/ 

Braehial region of body, 16, 16/ 
Braehial vein, 376, 377/ 
Braehioeephalie tmnk, 359/ 374, 

375/ 

Braehioeephalie veins, 376, 377/ 
Braehioradialis muscle, 207/ 210, 
216/ 218/ 

Bradyeardia, 365 
Brain, 4, 5/ 227/ 228, 240-253 
anatomy of, 240-253 
arteries of, 147, 374, 375/ 
379-380, 379/ 

blood-brain barrier and, 247, 250 
brain stem, 240, 241/ 242/ 245/ 

246 

eerebelhim, 240, 241/ 242/ 245/ 
246-247, 248/ 

eerebral hemispheres, 240-245, 
241/ 242/ 


eranial eavity and, 20 
dieneephalon, 240, 241/ 

245-246, 245/ 
disorders of, 232, 245, 247, 
252-2536 

dysfrmetions and, 251 
foramen magnum and, 147, 

148/ 149 

injriries to, 251 

lobes of, 241-243, 242/ 

medieal imaging techniques and, 
10-116, 11/ 

nerirologie testing of, 270-2716 
regenerative abilities of, 101 
regions (major), 240, 241/ 
shrinking of, 273 
skull bones and, 145 
speeial blood circulations of, 

379-380, 379/ 

srirfaee landmarks of, 240-241, 
242/ 

tumors of, 230 
veins of, 147, 376, 377/ 

Brain stem, 240, 241/ 242/ 245/ 246 

aseending/deseending nerve 

traets, 245-246, 245/ 

developmental aspeets of, 241/ 
Brain wave patterns, 2706, 270/ 
Braxton Hieks eontraetions, 566 
BRCAl/2 gene, 557 
Breast eaneer, 557-558 
Breastfeeding, 315 
Breathing (pulmonary ventilation), 

13, 445-455 

age-related ehanges in, 458, 460 
brain eenters for, 246, 453, 45 Af 
capacities/volumes, 448, 448/ 
emotional faetors affeeting, 454, 

455 

foreed, 208, 448 
Heimlieh maneuver and, 440 

meehanies of, 445-447, 446/ 
447/ 448/ 

muscles of, 157, 207-208, 437/ 

442/ 445, 446/ 453, 454/ 

neural regrilation of, 453, 454/ 
nonrespiratory air movements, 

448-449, 449? 

obstmeted, traeheostomy and, 

440 

paeemaker of, 453, 454/ 
physieal faetors affeeting, 
453-454 

pleriral flriid and, 441 
pressrire ehanges during, 440 
quiet (normal), 448 

respiratory rate and, 13, 

453-455, 454/ 460 
rhythm of, 453, 454/ 
sormds of, 449 
tests, 447-448, 448/ 
vohmtary eontrol and, 454 
Breeeh presentation (ehildbirth), 567 
Broad ligament of ovary, 549, 550/ 
Broea’s area of brain, 242/ 243, 251 
Bronehi, 4, 6/ 437/ 440, 442/ 
breathing sounds and, 449 
mucosa of, 110, 111/ 
right vs. left, 440-441 

seeondary/tertiary bronehi 

and, 443 

Bronehial (respiratory) tree, 443, 

443/ 

Bronehial arteries, 374 
Bronehial sounds, 449 
Bronehioles, 443, 443/ 

acute allergie response and, 426, 
427/ 

eateeholamine effeets on, 323/ 
parasympathetie/sympathetie 
effeets on, 268? 

terminal, 443, 443 f 
Bronehitis, ehronie, 447, 455, 457 
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Bmises, 119 

Brush border, 472, 472/ 

Brnsh border en 2 ymes, 472, 479/,' 483 

Buccal phase of swallowing, 

480-481, 481/ 

Buccal region, 16, 16/ See also 
Cheeks 

Buccinator muscles, 206, 206/ 217? 
Buffer systems, blood, 42, 338, 450, 
530-532, 531/ 

Buffy eoat (blood), 338, 339/ 
Bulbourethral glands, 541/ 542/ 543 
Bundle branehes, 364-365, 364/ 
Bundle of His, 364—365, 364/ 

Burn injuries, 124—125, 125/ 

Bursae, 110, 112, 169, 170/ 

Bursitis, 172 

Buttock (gluteal region), 16/17 

Calcaneal (Aehilles) tendon, 213, 
214?, 218/ 

Calcaneal region, 16/ 17 
Calcaneus bone, 165, 165/ 
Calcitonin, 317, 319, 328 1 

blood calcium and, 319, 320/ 
humoral stimuli and, 311-312 
Calcium, 28?, 32? 

dietary sources of, 490? 
riekets and, 141 
Calcium ions 

in blood elotting, 28?, 135, 347, 
347 f 

blood levels. See Blood calcium 
levels 

bone storage of, 135 
ealeitonin and, 319, 320/ 
muscle eontraetion and, 28?, 135, 

188-190, 189/ 191, 192/ 

nerve impulse transmission 
and, 135 

Calcium salts (bone salts), 28?, 41, 

93, 135, 138, 319, 320/ 

in atheroselerotie plaques, 3886, 

3896 

otoliths and, 294 
in tooth enamel, 475 
Calculi, renal, 522-523 
Calf (sural region), 16/ 17 

Callus, 144-145, 144/ 

Calories (kiloealories/keal), 488, 

498-499 

Calyces (major/minor), 514, 515/ 
eAMP (eyelie adenine monophos- 
phate), 310 , 310/ 

Canal, vertebral, 156, 156/ 
Canaliculi, 138, 139/ 

Canal of Sehlemm, 283/ 287 
Cancer, 102 - 1036 , 103/ 
breast, 557-558 
eervieal, 551 
eolon, 1026, 103/ 
genes and, 102-1036 
Kaposi’s sareoma, 4286 
killer T eells and, 421, 424? 
lung, 457-458 
lymph nodes and, 402 
prostate, 543 

sereening, 102-1036 

skin, 116, 126-127, 127/ 
vaeeine, 1036 

Canines (eyeteeth), 474, 475/ 
Canthus (commissure) of eye, 

280, 280/ 

Capillaries, 370, 371/ 

of air-blood barrier, 444, 444 f 
arteries vs., 371/ 372-373 

of blood-brain barrier, 250 
blood pressure in, 384/ 

390-391, 391/ 

in bone fractures, 144, 144 f 
fenestrated, 390, 390/ 
gas exchanges in. See Gas 
exchanges 




granulation tissue and, 101, 144 
inflammatory response and, 405, 

406/ 

intercellular elefts of, 390, 390/ 

lymphatie, 399-400, 399/ 400/ 
in tissue injury/repair, 101, 144 
veins vs., 371/ 372-373 
walls of, 78, 88 

Capillary beds, 370, 372-373, 373/ 
anatomy of, 373/ 
in body temperature regulation, 

112, 113?, 117, 500, 501/ 
fluid movements at, 390-391, 

391/ 

in hepatie portal system, 380, 
382/ 

of nephrons, 515/ 516/ 517 
osmotie pressures at, 78, 399 
pulmonary, 360, 361/ 450, 450/ 

451/ 

systemie, 360, 361/ 450/ 451/ 
453 

Capillary loops, of dermal papillae, 

116 

Capitate bone, l6l/ 

Capitulum of humerus, 158, 160/ 
Carbohydrates, 28?, 39, 43-45 
absorption of dietary, 479/ 
ehemieal digestion of, 478, 479/ 
dietary sources of, 489, 490? 
metabolism of, 45, 491-494, 

492/ 493/ 495/ 

Carbon, 28?, 32?, 33, 34/ 39-40. 

See also Organie compounds 
Carbon dioxide, 4, 8/ 35, 37/ 39 

in aerobie cellular respiration, 

193-194, 194/ 
blood levels of, 13, 453, 

454-455, 454/ 

in eelhilar respiration, 445, 

492-493, 492/ 

in ehronie lung disease, 455 
gas exchanges and. See Gas 
exchanges 

hemoglobin and, 340 
in internal respiration, 449, 451/ 

453 

negative feedbaek meehanisms 
and, 13 

neural eontrols affeeting, 

453-455, 454/ 

red blood eells and, 340 
respiratory rate and, 454-455, 
454/ 

transport in blood, 339/ 340, 

445, 450, 450/ 451/ 
Carbonic aeid, 41, 450, 451/ 453 
as weak aeid, 42, 531 
Carbon monoxide, 39, 451 
Carboxypeptidase, 479/ 483 
Carbuncles, 126 
Carcinogens, 1026 
Carcinoma, 126, 127/ 458 
Cardiac eyele, 365-3 66, 366/ 
Cardiac muscle, 98/ 99, 100/ 184 
eells of, 98/ 99, 182/ 182?, 

184-185, 184/ 

eontraetion of, 182/ 182? 
intrinsie conduction system of, 

364-365, 364/ 

myoeardhim and, 357, 359/ 360/ 

paeemaker of, 182?, 185 
regenerative abilities of, 101, 104 
vs. skeletal/smooth muscle, 182/ 

182?, 185 

Cardiac output (CO), 367-370, 369/ 
blood pressure and, 369/ 

384-385 

pregnaney and, 566 
Cardiac region of stomaeh, 468, 469/ 
Cardiac veins, 359/ 363 

Cardinal signs of inflammation, 

405, 406/ 


Cardioesophageal sphineter, 468, 

469/ 481, 481/ 482 

Cardiovascular system, 2, 3/ 4, 5/ 
356-397 

age-related ehanges in, 393 
blood vessels of, 370-391. See 
also Blood vessels 
circulatory physiology and, 

383-391 

developmental aspeets of, 391, 

393 

functions of, 4, 5/ 357 
heart of, 357-370. See also Heart 
homeostatie relationships of, 4, 
8/ 3926 

physiology of, 363-370 
pregnaney effeets on, 565-566 
Career Focus 

eertified surgical teehnologist, 
3786 

dental hygienist, 196 
forensie seientist, 746 
lieensed praetieal nurse, 5336 
massage therapist, 2206 
medieal transeriptionist, 1296 
pharmaey teehnieian, 556 
phlebotomy teehnieian, 3496 
physieal therapy assistant, 2966 
radiologie teehnologist, 1436 
respiratory therapist, 4526 
Carotene, skin eolor and, 119 
Carotid arteries, 147, 359/ 374, 

375/ 379-380, 379/ 

as pulse point, 383/ 

Carotid eanal, 147, 148 f 
Carpal bones (earpals), 146/ 

161 , 161 / 

Carpal region, 16, 16/ 
Carpometacarpal joints, 171, 171/ 
Carpus. See Wrist 
Carrier-mediated faeilitated 
diffusion, 77, 77/ 
aetive transport vs., 79 
Cartilage, 3, 5/ 93, 94/ 96 

of respiratory tree structures, 443 
Cartilaginous joints, 163, 167, 168 f 

169 ? 

Castration, 546, 548 

CAT. See Computed tomography 

Catabolism, 38, 39/ 57, 491, 

494, 500 
Catalase, 71 

Catalysts, 40?, 51, 85. See also 
Enzymes 

Cataracts, 287, 287/ 
eongenital, 303 
Catecholamines, 311/ 323 
in stress response, 323-324, 

323/ 

Catheter, urinary, 525 
Cations, 28 f, 34 

aeids, bases and, 41-42 
Cauda equina, 254, 254/ 

Caudal (interior) orientation/ 
direetion, 15? 

CCK (eholeeystokinin), 331?, 484, 
484/ 485? 

Cecum, 21/ 465/ 470/ 473/ 474 
Celiac eollateral ganglia, 265, 267/ 
Celiac tmnk, 374, 375/ 

Cell adhesion proteins, 93 
Cell body of neurons, 99/ 230, 

231/ 235, 235/ 
in eerebral cortex, 243 
ganglia and, 232 
in motor neurons, 233/ 234 
nuclei and, 232 
in sensory neurons, 233, 233/ 

Cell life eyele, 81-83 
Cell-mediated immime responses, 
411, 420-422 

antigen presentation and, 414, 
420-421, 421/ 424? 


summary flowchart, 423/ 

T eell aetivation and, 421-422, 
421/ 

Cell membrane, 65. See also Plasma 
membrane 

Cell physiology, 75-87 
eell division, 75, 81-83 
membrane transport, 75-81 
protein synthesis, 75, 85-87 
Cells, 2, 3/ 63-87 

age-related ehanges in, 104 
anatomy of, 64-72, 65/ 69/ See 
also speeifie stmetares 
anucleate, 340 
binucleate, 83 
cancerous and, 102-1036 
damaged, 76 
developmental aspeets, 

101, 104 

diversity of, 73, 73/ 75 

division of, 81-83, 82/ 83/ 

101, 104 

hyperplasia and, 104 
interstitial fluid and, 75-76 
intracellular fluid and, 75 

junctions of, 67, 67/ 
life eyele of, 81-83 
membrane of. See Plasma 
membrane 

movement and, 71, 72/ 75 
physiology of, 75-87. See also 
Cell physiology 
seavenger, 80, 80/ 

shapes of, 71, 73, 73/ 75, 

182/ 182? 

speeialization and, 73, 73/ 75, 87 
stimuli and, 75. See also Nervons 
system 

theory of, 63-64 
tonieity of, 846 

waste disposal and, 75, 79-80, 

7 9/ 

Cell theory, 63-64 
Cell-to-cell reeognition, 66 
Cellular immrmity (eell-mediated 
immunity), 411, 420-422 
Cellular level of structural organiza- 
tion, 2, 3/ 

Cellular respiration, 445, 492-493, 
492/ 

aerobie, 193-194, 194/ 
Cellulose, 478 

Cement, of joint prostheses, 1666 

Cement (tooth), 475, 475/ 

Central (Haversian) eanals, 94/ 

138 , 139/ 

Central artery of retina, 283/ 284 f 
Central eanal of neural tube, 240 
Central eanal of spinal eord, 249/ 
254, 255/ 

Central nervous system (CNS), 4, 

227/ 228, 240-255 

age-related ehanges in, 271, 273 

anatomy of, 240-255 

bony enclosures of. See Skull; 

Vertebral column 
brain, 227/ 228. See also Brain 
eongenital disorders of, 271 
developmental aspeets of, 269 
diagnostie testing of, 270-2716 
embryonie development of, 240, 
241/ 

proteetion of, 247-251 
spinal eord of, 227/ 228. See 
also Spinal eord 
supporting eells of, 99/ 100, 
228-230 

Central sulcus, 241, 242/ 

Central vein of retina, 283/ 
Centrioles, 69/ 71, 82, 83/ 
Centromere, 82, 83/ 

Centrum (body) of vertebrae, 153, 

154/ 155/ 
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Cephalad (eranial, superior) 
orientation/direetion, 15? 
Cephalic region, 16, 16/ 17 
Cephalic vein, 376, 377/ 

Cephalin, 46í 

Cerebellum, 240, 241/ 242/ 245/ 
246-247, 248/ 379/ 
damage to, 247 
equilibrium and, 246-247, 

295, 297 

Cerebral angiography, 271 b 
Cerebral aqueduct, 245/ 246, 

248, 249/ 

Cerebral arterial eirele (eirele of 

Willis), 379/ 380 
Cerebral arteries, 379/ 380 
Cerebral cortex, 241-243, 242/ 

aseending/deseending path- 
ways/tracts, 256/ 
body maps (homunculi) of, 

241, 243/ 

gray matter of, 241, 242/ 
white matter of, 241, 242/ 
Cerebral edema, 251 
Cerebral embolus, 348 
Cerebral hemispheres (eerebmm), 

240-245 

basal nuclei of, 241, 244, 244/ 
brain stem in relation to, 245/ 
eerebral cortex, 241-243, 242/ 
developmental aspeets, 240, 241/ 
fiber traets of, 244, 244/ 
functional areas of, 241-243, 

242/ 243/ 

white matter of, 241, 242 f 
244, 244/ 

Cerebral palsy, 269 
Cerebral peduncles, 245/ 246 
Cerebrospinal fluid (CSF), 247-251, 

249/ 

ehoroid plexuses and, 245/ 

246, 248 

ependymal eells and, 229-230, 

229/ 

lumbar (spinal) tap and, 250, 253 
normal pressure/volume of, 250 

pathways of, 248, 249/ 250 
pH ehanges in, 454/ 455 
water of, 41, 247, 248 

Cerebrovascular aeeident (CVA), 

251, 271 

Cerebrum, 240-245. See also 
Cerebral hemispheres 
Certified surgical teehnologist (CST), 
378 b 

Cerumen (earwax), 293 
Ceruminous glands, 293 
Cervical eanal, 550/ 

Cervical eap (eontraeeptive), 571 b, 

571/ 

Cervical curvature of spine, 152-153, 

153/ 

Cervical enlargement, 254, 254/ 
Cervical lymph nodes, 401, 401/ 
Cervical nerve plexuses, 26l/ 262?, 

262 ? 

Cervical region, 16, 16/ 

Cervical spinal nerves, 254/ 26l/ 
262 ? 

Cervical vertebrae, 152, 153/ 

154, 155/ 
joints of, 154, 170 
spinal nerves of, 261/ 262? 

Cervix, 549, 550/ 551 

Cesarean seetion, 568 

CF (eystie fibrosis), 458-459 

eGMP (guanosine monophosphate), 
310 

ehambers of heart, 357-360, 359-36(/ 
ehannel (pore) proteins, 66, 6(/ 77/ 
ehannel-mediated faeilitated 
diffusion, 77/ 

eheekbones. See Zygomatie bones 


Cheeks (buccal region), 16 , 1 6f 

466, 466/ 

buccinator muscle of, 206, 

206/ 217? 

ehemieal bonds, 33-39 
eovalent, 34-37, 36/ 
eleetron role in, 33-34, 34/ 
hydrogen, 37-38, 37/ 
intramolecular bonds and, 38 

ionie, 34, 35/ 

reaetive elements and, 34, 34/ 
rule of eights and, 34 
Chemical buffer systems, 42, 338, 
450, 530-532, 531/ 
ehemieal digestion, 477/ 478 
flowchart, 479/ 

in large intestine, 477/ 487-488 
in mouth, 479/ 480 
sehematie summary, 477/ 
in small intestine, 471-472, 477/ 
479/ 483-485, 484/ 487 
in stomaeh, 468, 477/ 479/ 482 
ehemieal elements, 27-31, 28?, 32? 

ehemieal energy, 26 
ehemieal equations, 32 
ehemieal level of structural 
organization, 2, 3/ 
ehemieal messengers, 308-309, 310/ 
ehemieal reaetions, 33-39 
ATP and, 57, 57/ 
enzymes required for, 85 
faetors influencing rate of, 39, 40? 
patterns of, 38-39, 39/ 
reaetivity and, 33-34, 34/ 
reversibility of, 38 
Chemical senses (smell/taste), 
300-302 

age-related ehanges in, 304 
ehemistry, 25-62. See also 
Bioehemistry 
ehemieal bonds, 33-39 
eompormds and, 32-33. See also 
Compounds 
energy forms, 26-27 
inorganie, 39-41 
matter eomposition, 25-33 

molecules and, 2, 3/ 31-33. See 
also Molecules 
organie, 43-57 
types of reaetions in, 38-39 
ehemoreeeptors, 300 

for smell, 300-301, 300/ 
for taste, 301-302, 302/ 

Chemotaxis, 405, 419/ 424? 

membrane attaek complex 

(MAC) and, 408-409 
positive, 342, 407 

Chest (thoraeie) region, 16/ 17. See 
also Thoraeie; Thorax 
ventral body eavity and, 20 
Chewing (mastieation), 467, 474 
meehanieal digestion and, 477, 
477/ 478 

muscles of, 206, 206/ 217? 
trigeminal nerve and, 149, 258? 
CHF. See Congestive heart failure 

Chief eells, 469/ 470 

ehildbirth (partrirition), 13, 566-568, 

566 / 

oxytocin release in, 315 
Chin (mental region), 16/17 
ehloride, 339/ 
ehlorine, 28?, 32 , 32?, 33/ 
ionie. See ehloride 
Choking, Heimlieh maneriver 

and, 440 

Cholecystokinin (CCK), 331?, 484, 
484/ 485? 

eholesterol, 46?, 47/ 48-49 
bile and, 48, 476, 496 
dietary sorirees of, 48, 489 
liver and, 48, 496, 497 
metabolism of, 68-69, 496-498 


of plasma membrane, 66, 66/ 

smooth ER and, 69 

steroid hormones derived from, 

309 

transport of, 497-498 
eholine, 189/ 190 
Cholinergic hbers, 267 
Chondrocytes, 93, 94/ 

autologous implantation and, 

\6lb 

ehordae tendineae, 360/ 361, 362/ 
Chorea, 253 b 
ehorion, 561/ 

Chorionic vesiele, 561 
Chorionic villi, 561/ 562 
ehoroid of eye, 283/ 284, 284/' 
ehoroid plexuses, 245/ 246, 

248, 249/ 

ehromatid, 82, 83 / 
ehromatin, 65, 65/ 69/ 82, 83/ 
Chromium, 28? 
ehromosomes, 65, 82, 83/ 
meiosis and, 544 f 545 

sex, 568 

Chronic bronehitis, 447, 455, 457 

Chronic obstmetive pulmonary dis- 

ease (COPD), 455, 457, 457/ 

Chronic renal failure, 520-521 b 
Churning (digestive), 468, 477/ 478 
Chyme, 470, 476, 482-483, 483/ 
484, 484/ 

ehymotrypsin, 479/ 483 
Cilia, 72 

epithelial, 91/92 
nasal/respiratory, 72, 437-438 
as proteetive barrier, 100, 410? 
smoking effeets on, 440 
traeheal, 440, 441/ 
uterine tube, 549 
Ciliary body/muscle of eye, 283 f 

284, 289, 291 

ANS innervation/effeets, 

266 / 268 ? 

Ciliary glands, 280 

Ciliary zonule, 283/ 284, 285 

Circle of Willis (eerebral arterial 

eirele), 379/ 380 

Circular faseiele arrangement, 202, 

203 / 

Circular folds of small intestine, 

472/ 473 ^ 

Circular layer of muscularis externa, 

467, 468/ 469/ 

Circulations 

eapillary, 390-391 
eardiae, 363 
fetal, 380, 381/ 

hepatie portal, 380-383, 382/ 496 
microcirculations and, 373 
portal, 315 

pulmonary, 360, 361/ 
systemie, 360, 361/ 374-376 
Circulatory shoek, 124 
Circulatory system 

arterial pulse and, 383, 383/ 
arterial supply of brain, 379-380, 

379/ 

blood pressure and, 383-391 
blood vessels and, 370-391 

in eapillary beds, 390-391 
faetors influencing, 385-386, 

385/ 386/ 

fetal, 380, 381/ 
hemorrhage and, 386, 386/ 
hepatie portal system and, 

380-383, 382/ 

physiology of, 383-391 
Circumcision, 543 
Circumduction (movement), 199/ 

200 

Circumflex arteries, 359/ 363 
Circumvallate papillae, 301, 302/ 
Cirrhosis, 348, 476 


Cisterna ehyli, 401/ 

Cisterna of rough ER, 68, 70/ 

elaviele, 146/ 158, 159/ 

Clavicular noteh, 157/ 

Clawhand, 262? 
eleavage, 560/ 561 
eleavage furrow, 83, 83/ 

Cleft lip, 502 

Cleft palate, 150, 439, 458, 502 
elitoris, 550/ 552 
Clonal seleetion, 414—415, 415/ 
Clone B eells, 4l4, 415, 415 f 
Closed (simple) fraetrires, 144 
Closed reduction (fraetrire), 144 
elotting easeade, 343?, 344, 

347-348, 347/ 

elotting proteins/faetors, 338, 339/ 

347, 347/ 

genetieally engineered, 348 
liver and, 338, 496 
in tissue injury/repair, 101 
CNS. See Central nervous system 
Coagulation. See Blood elotting 
Cobalt, 28? 

Coccyx, 152, 153/ 156, 156/ 162/ 
Cochlea, 292/ 293 

in hearing, 298-299, 299/ 

Cochlear duct, 297, 297/ 299/ 
Cochlear nerve, 297/ 298 
deafness and, 298-299 
Codons, 85, 86 / 87 
Coenzymes, 491, 492, 493 

Cofactors in enzyme aetions, 28? 
Coitus interruptus, 571 b, 571/ 

Cold sores, 116, 126, 126/ 

Cold temperatures 
heart rate and, 369 
hypothermia and, 500 
vasoeonstrietion and, 387 
Colic flexures, 473/ 474 
Collagen fibers, 50, 93, 94/ 95/ 
of dermis, 117 
skin wrinkles and, 118 b 
Collarbone. See elaviele 
Collateral branehes of axons, 

230, 231/ 

Collateral ganglia, 265, 267/ 
Collecting ducts, 516/ 517, 519/ 
Colloids, 40 

Colon, 21/ 465/ 473/ 474 

eaneer, 102 b, 103/ 

Colony stimulating faetors (CSFs), 

345 

Color blindness, 285 
Color of skin, 119 
Color vision, 285, 285/ 

Columnar epithelirim, 88-89, 89T 
90/ 91/ 92 

Columns (dorsal/lateral/ventral), 

254-255 
Coma, 246, 251 

Comminuted fraetrire, 145/ 145? 
Commissural fiber traets, 244, 244 f 
Commissures, 244, 245/ 

of eye (canthus), 280, 280/ 
Common fibular nerve, 262?, 263/ 
Common iliae veins, 376, 377/ 
Communicating arteries of brain, 

379/ 380 

Compact bone, 135, 135/ 137-138, 
137/ 139/ 

Complement, 408-409, 409/ 410?, 
425? 

aetivation of, 418-419, 419/ 
Complementarity prineiple, 64 
Complementary bases, 54/,’ 56, 

81, 82/ 

in protein synthesis, 85, 86/ 

Complement fixation, 408-409, 
409/ 418, 419/ 420? 

Complete (fused) tetanris, 192-193, 
193/ 

Complete proteins (dietary), 490 
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Complicated plaques, 389 b 
Compound (open) fractures, 

144 

Compounds (ehemieal), 32, 33/ 
inorganie, 39-41 
molecules vs., 31-33, 33/ 

organie, 39, 43-54, 56-57 
Compression fracture, 145/ 145? 
Computed tomography (CT), 

10—llh, 11 / 

Computerized axial tomography 
(CAT). See Computed 
tomography 

Concentration gradient, 76, 76/ 77 
in sodium-potassium pump, 

78/79 

Conceptus, 558, 559/ 

Conchae, nasal, 438-439, 438 f 
Concussion, 251 
Condoms (eontraeeptive), 571 b, 
571/ 572/ 

Conducting zone of respiratory 

system, 436-437, 443, 444 
dead spaee volume and, 448 
Conduction deafness, 298-299 

Conduction system of heart, 

364-365, 364/ 

Conductivity of nerve eells, 99, 235, 
237-238, 238/ 

Condylar joints, 169/, 170, 171/ 
Condyle (bone marking), 142/ 142/ 
femoral, 163-164, 164/ 
tibial, 164, 164 f 
Cones, 284-285, 284/ 28 6b 

Congenital disorders 
blindness, 303 
of blood, 352 

eleft palate, 150, 439, 439, 458 

of digestive system, 502 
of eye, 303 
of heart, 393 
muscular dystrophy, 215 
of respiratory system, 458 
severe eombined imimmodefi- 
eieney disease, 427 
of skeletal system, 174 
Congestive heart failure (CHF), 368, 
369-370 

Conjunctiva, 280, 280/ 281/ 282/ 
Conjunctivitis, 280, 303 
Connective tissue, 2, 3/ 87, 92-97 
age-related ehanges in, 104 
blood supply of, 93 

bone as, 93, 95/ 
eartilage as, 93, 94/J 96 
dense, 95/ 96-97 
fat as, 95/ 97, 100/ 
fibrous, 167, 168/ 
loose, 95/ 96/ 97 
membranes, 109. See also 
Synovial membranes 
regenerative abilities of, 101 
summary, 100/ 

Connective tissue sheaths, 183, 

183/ 

Connexons, 67, 67/ 

Consciousness, 246 
Constant (C) region, 417, 418/ 
Constipation, 488 
Constriction 

of blood vessels, 331/, 372, 
385-386, 386/ 

of bronehioles, 331/, 426, 427/ 
of muscularis externa, 467, 468/ 
of pupils, 268/, 284, 291 
Contact dermatitis, 126 
allergie, 427 

Contraception, 570-572 b, 572/ 
flowchart, 571/ 

Contraceptive sponge, 571 b, 571/ 
572/ 

Contractile filaments, 73/75 
Contractile proteins, 28/ 


Contractility of skeletal muscles, 4, 
97, 187. See also Muscle 
eontraetion 

Contraction of muscles. See Muscle 
eontraetion 

Control eenters in homeostatie 
meehanisms, 12 , 13, 13/ 
Contusion of brain, 251 
Convergence of eyes, 289, 291 
Convergent faseiele arrangement, 
202 , 203 / 

COPD (ehronie obstmetive pul- 

monary disease), 455, 457, 457/ 

Copper, 28/ 

Coracoid proeess, seapnlar, 158, 159/ 
Cornea, 282, 283/ 284 
Corneal reflex, 258/ 

Cornified (horny) eells, 112, 116 
Cornua (horns) of hyoid bone, 

151, 151/ 

Coronal (frontal) seetion, 17, 18/ 
Coronal suture, 147, 147 f 149/ 
Corona radiata, 544, 548/ 

Coronary arteries, 359/ 363, 

374, 375/ 

Coronary artery bypass surgery, 389 b 
Coronary artery disease, 369, 393 
Coronary atheroselerosis, 369 
Coronary sinus, 363 
Coronary sulcus, 359/ 363 
Coronary thrombosis, 348 
Coronoid fossa of humems, 158, l60/ 
Coronoid proeess of ulna, 160/ l6l 
Corpora quadrigemina, 245/ 246 
Corpus callosum, 244, 244/ 

245/ 249/ 

Corpus luteum, 548/ 549, 554, 556 

Cortex 

of hair, 121, 122/ 
of lymph node, 402, 402/ 

Cortical nephrons, 516/ 517 
Cortical radiate arteries, 514, 

515/ 516/ 

Cortical radiate veins, 514, 515/ 
Corticospinal (pyramidal) traet, 24l 
Corticosteroids, 46/, 49, 320 

ghieoeortieoids, 320, 321, 321/ 
mineraloeortieoids, 320-321, 

321 / 322 / 

to treat delayed allergies, 427 
white blood eell count and, 342 
Corticotropin-releasing hormone, 
322 / 

Cortisol, 46/, 321 
Cortisone, 321 
Costal eartilage, 157/ 

Costal faeets, 154, 155/ 

Coughing meehanism, 448, 449/ 
Cough reflex, 440 
Covalent bonds, 34-37, 35, 36/ 
Coxal bones (hip bones), 21, 21/ 

136, 161-163, 162/ 

Coxal region, 16, 16/ 

CP (ereatine phosphate), 193, 194/ 
Crackle (breathing sound), 449 
Cradle eap, 121 
Cranial (eephalad, superior) 
orientation/direetion, 15/ 
Cranial aponeurosis, 205, 206/ 
Cranial eavity, 20, 20/ 

Cranial nerves, 257-260 
ANS fibers and, 265, 266/ 
brain stem nuclei and, 246 
distribution of, 257, 260 f 
origin/ course/function/ testing, 

258-259/ 

PNS in relation to, 227/ 228 
Craniosacral division. See 

Parasympathetie division of ANS 
Cranium (eranial bones), 145, 146/ 
147-150 

developmental aspeets of, 

173, 174/ 


C-reactive protein, 389 b 
Creatine phosphate (CP), 193, 194/ 
Creatinine, 518, 518/ 519, 519/ 
Crepitus, 172 

Crest (bone marking), 142/ 142/ 
Cretinism, 318 

Cribriform plate of ethmoid bone, 

148/ 150 , 438/ 

Cricoid eartilage, 438/ 

Crista ampullaris (erista), 295, 295 f 
297 

Cristae of mitoehondrial wall, 68 , 

492/ 493 

Crista galli, 148/ 150 
Cross (transverse) seetion, 17, 18/ 
Cross bridges, 186/ 187, 191, 191/ 
192 / 

Cross matehing of blood, 351 
Crown of tooth, 475, 475/ 

Crural region, 16, 16/ 

Crying meehanism, 448, 449/ 
Cryptorchidism, 568-569 

C-section (eesarean seetion), 568 
CST (eertified surgical teehnologist), 
378 b 

CT (eompLited tomography), 

10—llb, 11/ 21 lb 
Cuboidal epithelium, 88 , 89 f 90/ 92 
Cupula of erista ampullaris, 295, 295/ 
Curvatures 

of spine, 152-153, 153/ 
of stomaeh, 468, 469/ 

Cushing’s syndrome, 322 
Cutaneous glands, 119-121, 120/ 
Cutaneous membrane, 110, 111/ 
112. See also Skin 
Cutaneous sense organs, 113, 116, 
233-234, 234/ 

Cutaneous vascular plexus, 114 f 
Cuticle 

ofhair, 121-122, 122/ 123/ 
of nail, 123, 124/ 

CVA (cerebrovascular 

aeeident/stroke), 251 

Cyanosis, 119, 451 

Cyclic adenine monophosphate 
(eAMP), 310, 310/ 

Cyclic guanosine monophosphate 
(eGMP), 310 
Cysteine, 49/ 

Cystic duct, 471/ 476 
Cystic fibrosis (CF), 458-459 
Cystitis, 524, 542 

Cytokines, 421, 421/ 424-425/, 427 
Cytokinesis, 83, 83/ 

Cytoplasm, 64, 65/ 66/ 67-71 

division of, 83, 83/ 
organelles. See Cytoplasmic 
organelles 

Cytoplasmic organelles, 68 

endoplasmie reticulum, 68-69, 

69/ 70/ 

Golgi apparatus, 69, 69/ 70/ 71 
lysosomes, 69/ 70/ 71 
mitoehondria, 68, 69/ 
peroxisomes, 70/ 71 
ribosomes, 65, 68, 69/ 70/ 
Cytosine (C), 53, 54/ 81, 82/ 
Cytoskeleton, 66/ 71, 72/ 

Cytosol, 68 , 69/ 

glyeolysis and, 492-493, 492/ 

of intracellular fluid, 75 
Cytotoxic (killer) T eells, 421, 

421/-423/ 424/ 

delayed allergies and, 427 
HIV and, 428-429b 

Dandmff, 116 

Dark (A) bands, 186/ 187, 191, 191/ 
Daughter eells, 82, 83, 83/ 

Day-night eyele, 246, 325, 327 
DCT (distal convoluted tubule), 

516/ 517, 519/ 


Dead spaee volume, 448 
Deafness, 298-299 

Death 

brain waves and, 270 b 
survival needs to avoid, 9, 12 
Deciduous teeth, 474, 475/ 
Deeomposition reaetions, 38, 39/ 
Decubitus ulcers, 117, 119/ 

Deep (internal) orientation/ 
direetion, 15/ 

Deep artery of the thigh, 374, 375/ 
Deep palmar areh, 375/ 

Defeeation reflex, 474, 477/j 
480, 488 
Defibrillators, 365 
Deghitition. See Swallowing 
Dehydration 

blood ghieose levels and, 324 
burn injuries and, 124 
diarrhea and, 488 
heat exhaustion and, 502 
hypotonie solutions to rehy- 
drate, 84 b 

Dehydration synthesis, 43, 44, 44 f, 

45 / 

Delayed hypersensitivities, 427 
Delta brain waves, 270b, 270/ 
Deltoid muscles, 208/ 209, 216/ 
217/, 218/ 219/ 

arm movements and, 201/ 207, 
207/ 217/, 219/ 

faseiele pattern of, 203, 203/ 
as injeetion site, 209, 209/ 
nerve supply of, 262/ 

Deltoid region, 16/ 17 
Deltoid tuberosity of humerus, 158, 
160 / 

Dementia, 253 b 
Denatured proteins, 50 
Dendrites, 230, 231/ 233, 233/ 235/ 
at synapses, 237, 238/ 

Dendritie eells, 115/ 116, 404 
as antigen presenters, 414, 421/ 
424/ 

Dense eonneetive tissue (dense 
fibrous tissue), 95/ 96-97 
of dermis, 110, 113, 116, 117/ 
Dens of eervieal vertebrae, 154, 
155/ 170 

Dental hygienist (Career Focus), 19 b 

Dentin, 475, 475/ 

Deoxyribonucleic aeid (DNA), 53, 
64 See also DNA 
Deoxyribose sugar, 44 

in DNA structure, 54/J 56, 81 
Depolarization, 189/ 190, 236/ 237 
of heart muscle, 364-365, 364/ 
567b, 367/ 
of neurons, 236/ 237 
Depo-Provera, 570 b, 571/ 

Deprenyl, 252 b 

Depressed fracture, 145/ 145/ 
Depth pereeption, 289 
Dermal papillae, 114/ 116, 117/ 
Dermatitis, 128 
eontaet, 126 

Dermis, 110, 113, 114/ 115/ 
116-117,117/ 

Deseending (motor) traets, 241, 

244-246, 244/ 245/ 254-255 

sehematie, 256 / 

Deseending eolon, 21/ 465/ 

473/ 474 

Desmosomes, 67, 67/ 71, 72/ 

88, 115/ 

Detoxification, eelhilar, 69, 71 
Detmsor muscle, 523 
Deuterium, 31/ 

Developmental aspeets. See imder 
speeifie organ system 
Diabetes insipidus, 535 
Diabetes mellitus (DM), 324-325, 
330 , 426 
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Diagnostie imaging techniques, 

10-11 6 , 11 / 

Dialysis, renal, 520-521 6 
Diapedesis, 342, 406, 407/ 
Diaphragm, 20, 21/ 445, 470/ 

heart in relation to, 358/ 
lungs in relation to, 441, 442/ 
phrenie nerve and, 262? 
as respiratory muscle, 437/ 445, 
446/ 

Diaphragm eontraeeptive, 5716, 
571/ 572/ 

Diaphysis, 137-138, 137/ 

Diarrhea, 488 

Diarthroses, 167, 168/ \69t 
Diastole, 365-366 , 366/ 

Diastolie blood pressure, 384, 384/ 

385/ 

Dieneephalon (interbrain), 240, 

241/ 245-246, 245/ 

Dietary sources of major nutrients, 

489-491, 490í 

Diets, weight-loss, 5056 
Diffusion, 76-77, 76/ 77/ 

in eapillary exchanges, 390-391, 

390 / 391/ 450/ 451/ 453 

in dietary fat absorption, 485 
kinetie energy and, 76 
in pulmonary gas exchange, 

449-450, 450/ 451/ 
Digestion, 9, 477-488 

ANS reflexes and, 268?, 480, 482 
of earbohydrates, 478, 479/ 
483-484 

cellular, 80, 80/ 

ehemieal, 477/ 478, 479/ 480 
of fats, 7, 479/ 484-485, 484/ 
in large intestine, 477/ 487-488 
meehanieal, 477, 477/ 478, 480 

in mouth/pharynx/esophagus, 
480-482, 481/ 

in small intestine, 471-472, 477/ 

479/ 483-485, 485/ 487 
in stomaeh, 468, 470, 477/ 479/ 

482- 483, 483/ 

vagus nerve (X) and, 259/ 482 
Digestive system, 4, 6 / 7, 464-511 

age-related ehanges in, 503 
anatomy of, 464-477 
developmental aspeets of, 

502-503 

embryonie development of, 502 
excretion and, 9 

fimetions of, 4, 6/’ 7, 464, 477—488 
homeostatie relationships of, 8/ 
5066 

organs of, 465-477, 465/ 

pregnaney effeets on, 565 

Digestive traet, 465-477, 465/ 

ANS effeets, 266/ 267-268, 268?, 
480, 482 

arteries of, 374, 375/ 467 
enzymes of, 471, 479/ 482, 

483- 484 

hinetions (overview), 477-480, 
477/ 

intrinsie nerve plexuses of, 467, 

468/ 

muscle tone of, 466 
organs of, 465-477, 465/ S’ee 

also speeifie organs 
aeeessory, 465/ 474-477 

pregnaney and, 565 
proeesses of, 477-488, 477/ 
veins of, 376, 377/ 380, 382/ 467 
wall layers of, 467, 468/ 

Digital arteries, 375/ 

Digitalis, 368 
Digital regions, 16 / 17 
fingers, 16/17 
toes, 16/ 17 

Digital subtraction angiography 
(DSA), 106, 11/ 


Dilation of pupils, 268?, 284, 291 
Dilation stage of labor, 567, 567/ 
Dimers, 418, 420? 

Dipeptidase, 479/ 

Direet gene aetivation, 309, 310/ 
Direetional anatomy terms, 14, 15? 
Direet phosphorylation, 193, 1946 
Disaeeharides (double sugars), 44, 

45/ 

ehemieal digestion of, 478, 479/ 
Disloeation injury, 158, 169, 172 
Dissoeiation of salts, 41, 41/ 
Dissolving medium. See Solvents 
Distal convoluted tubule (DCT), 

516 / 517, 519/ 

Distal orientation/direetion, 15? 
Distal radioulnar joint, 160, 160/ 
Diriresis, 315 

Diuretics, weight loss and, 5046 
Diverticula, 488 
Diverticulitis, 488 
Diverticulosis, 488 
Diving, equilibrium and, 294 
DNA (deoxyribonucleic aeid), 53, 
54/ 56-57, 64 

double helix, 54/ 56, 81, 82/ 
protein synthesis and, 64, 85-87, 
86 / 

repair of, 1026 
replieation of, 81, 82/ 

RNA eompared to, 53, 56, 85 
structure of, 5 4/' 
triplets, 85 

Dorsal (back/dorsum) region, 16/’ 17 
Dorsal (posterior) body region, 

16/ 17 

Dorsal (posterior) direetion/ 
orientation, 15/ 

Dorsal body eavity, 20, 20/ 

Dorsal columns, 254—255 
Dorsalis pedis artery, 374, 375/ 
as pulse point, 376, 383/ 

Dorsal rami of spinal nerves, 257, 
261/ 267/ 

Dorsal root, 254, 255/ 267/ 

Dorsal root ganglion, 254, 255/ 256 
Dorsal venous areh, 376, 377/ 
Dorsiflexion (movement), 199/ 

200, 213, 217? 

Double helix, DNA, 54/ 56, 81, 82/ 
Double sugars (disaeeharides), 

44, 45/ 

Dowager’s hump. See Kyphosis 
Drrig allergies, 426 
DSA (digital subtraction 

angiography), 106, 11 / 

DSR (dynamie spatial 

reeonstmetion), 106 
Duchenne’s muscular dystrophy, 215 
Ductless glands, 312 
Ducts of exocrine glands, 92 
Duct system 

female, 6/ 7, 549-551, 550/ 
male, 540-542, 541/ 542/ 

Ductus arteriosus, 380, 381/ 393 
Ductus deferens, 6/ 540-541, 540/ 
541/ 542/ 

Ductus venosris, 380, 381/ 
Driodenal papilla, 331?, 471/ 472 
Driodenal ulcers, 4866 
Duodenum, 465/ 469/ 470/ 471, 
471/ 

hormones seereted by, 331?, 485? 
Dural sinuses. See Dural venous 
sinuses 

Dural venous sinrises, 247 
veins draining, 376, 377/ 

Dura mater 

of brain, 247, 248/ 
of spinal eord, 253, 255/ 
Dwarfism, pitriitary, 314, 314/ 318 
Dynamie equilibrium, 294, 295, 

295/ 297 


Dynamie spatial reeognition (DSR), 

106 

Dyspnea, 457, 565 
Dystoeia, 567 
Dystrophin, 215 
Dysriria, 524 

Ear 

anatomy, 292-294, 292/ 
eongenital abnormalities, 303 
equilibrium and, 294. See also 
Equilibrium 

hearing and, 297. See also 
Hearing 

infeetions, 147, 293 

route of sound waves through, 

293, 297-298, 298/ 

Eardmm (tympanie membrane), 22, 

292 / 293 

ruptured, 298 

Earwax (eemminoris glands), 293 
Eating behavior 

appetite and, 246, 304, 331? 
hypothalamus and, 498 
Eeerine sweat glands, 114/ 120/ 121 
ECG (eleetroeardiogram), 3676 
Eetoderm, 561, 561/ 

Edema, 97, 370, 399 
eerebral, 251 

in inflammatory response, 

405, 406/ 

IV solritions and, 846 
in lymphaties surgery, 431 
pulmonary, 370 

EEG (eleetroeneephalogram), 2706 
Effeetor organs, 12- 13, 13/ 

PNS and, 4, 227-228, 227/ 
in reflex ares, 238-240, 239/ 
in somatie vs. aritonomie nerv- 
ous systems, 265/ 

Efferent arterioles of nephrons, 

515 f 516/ 517 

Efferent lymphatie vessels, 402, 402/ 
Efferent nerves/pathways/traets. 

See nnder Motor 
Egg. See Ovum/ova 
Ejaculation, 541 

Ejaculatory duct, 541, 541/ 542, 542/ 
Elastie eartilage, 96 
Elastie fibers, 93, 95/ 117 

of blood vessel walls, 370, 371/ 
372 

Elastieity of muscle eells, 187 

Elbow, 16, 16/ 17 

Elbow joint, 168/ 170, 171/ 

movements allowed by, 209, 210 
muscles moving, 209, 210, 216/ 

217?, 218/ 219? 

Eleetrieal energy, 26 
Eleetroeardiogram (ECG), 3676 
Eleetroeardiography, 365, 3676 
Eleetroeneephalogram (EEG), 2706 
Eleetrolyte balanee, 7, 41, 528, 529/ 
530 

diarrhea and, 488 
heart affeeted by, 368-369, 369/ 
Eleetrolytes, 41, 339/ 528 
Eleetromagnetie energy, 31 
Eleetromagnetie speetmm, 26 
Eleetron cloud, 29, 29/ 

Eleetrons, 27, 29, 29/ 29?, 30/ 31/ 32? 

in ehemieal bonds, 33-34, 34/ 
Eleetron shells (energy levels), 

33-34, 34/ 

Eleetron transport ehain, 492-493, 
492 f 

Elements (ehemieal), 27-32, 28?, 32? 
atomie structure, 27, 29-31, 30/ 
31/ 

found in body, 28?, 32? 

inert, 34, 34/ 
reaetive, 34, 34/ 
traee, 28? 


Elephantiasis, 431 

Embolism 

eerebral, 348 
pulmonary, 373 
Embryo, 539, 558 
Embryonie development, 560, 

561-563, 561/ 562/ 

Emesis (vomiting), 483 
Emmetropia, 290-2916 
Emotional-viseeral brain (limbie 
system), 246, 301 
Emotions, 119, 126, 246, 454 
Emphysema, 455, 457 
Enamel of tooth, 475, 475/ 
Eneephalitis, 247 
Endoearditis, 363 
Endocardium, 357, 358, 359/ 
Endoerine glands, 92 
as ductless glands, 312 
exocrine glands vs., 92 
major, 312-327, 312/ 328-329? 
stimuli of, 311-312, 311/ 
vs. exocrine glands, 92, 312 
Endoerine system, 4, 5/ 12, 13, 
308-336 

age-related ehanges in, 330 
developmental aspeets of, 330 
functions of, 4, 5/ 308 
homeostatie relationships 
of, 3326 

hormone functions in, 309-312, 

3H/ 

organs of, 309, 312-327, 312/ 
328-329? 

vs. other organ systems, 309 
Endoerinology, 308 
Endoeytosis, 80-81, 81/ 

in eapillary transport, 390, 390/ 
Endoderm, 561, 561/ 

Endolymph, 294, 295, 295/ 297, 297/ 
Endometrial glands, 555/ 
Endometrium, 549, 550/ 551 
in menstaial eyele, 554, 555/ 556 
Endomysmm, 182?, 183-185, 184 f 
Endoneurium, 256, 257/ 
Endoplasmie reticulum (ER), 68 

rough, 65/ 68, 69/ 70/ 73, 73/ 
smooth, 68-69, 69/ 

Endosteum, 137/ 

Endothelirim of blood vessels, 

370, 371/ 

Endurance (aerobie) exercise, 

196 , 196/ 

Energy, 26-27 

ehemieal, 26, 57. See also ATP 
from food, 45, 488, 498-500 
intake/output, 498 
matter vs., 26 

sources for muscle aetivity, 
193-194, 194/ 

Energy balanee of body, 498-502 
body temperature and, 500-502 
metabolie rate and, 498-500, 499? 

Energy levels (eleetron shells), 

33-34, 34/ 

Energy of motion. See Kinetie energy 

Enteroendoerine eells, 469/ 470 
Enterogastrie reflex, 482 
Enzymes, 50, 51-53, 52?, 53/ 66, 85 
as eatalysts, 40?, 51, 85 
digestive, 51, 469/ 471, 479/ 482 
heat effeets and, 409 
lysosomal, 70/ 71 
traee elements and, 28? 
Enzyme-substrate complex, 53/ 
Eosinophils, 339/ 343?, 344, 424? 
Ependymal eells, 229-230, 229/ 
Ephedra, 5056 
Epicardium, 357, 359/ 

Epieondyle (bone marking), 142/ 

142? 

of fmmems, 158 , l60/ 
Epieraniris, 205 
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Epidermis, 110, 113, 114-116, 

114/ 115/ 

dermal papillae and, 116, 117/ 
as epithelial tissue, 100/ 
regenerative abilities of, 101 
Epididymis, 540, 540/ 541/ 542/ 
Epididymitis, 569 
Epigastrie region, 21, 21/ 

Epiglottis, 438/ 439, 440, 466/ 

taste buds and, 302/ 

Epilepsy, 270-2716, 301 
Epimysium, 182/ 182?, 183, 183/ 
Epinephrine (adrenaline), 265/ 

268 í, 323-324, 323/ 387 

anaphylaetie shoek treated 

with, 426 

blood pressure and, 387 
heart rate and, 368, 387 
neural stimuli and, 311/ 312, 

323, 323/ 

in stress response, 323-324, 323/ 
Epineurium, 256, 257/ 

Epiphyseal line, 137/ 138 
Epiphyseal plates (growth plates), 138 
at birth, 140, 140/ 
cartilaginous joints and, 167 
hyaline eartilage of, 96, 138 
puberty and, 140, 141, 141/ 174 
Epiphyses, 137/ 138 
Epithalamus, 245, 245/ 246 
Epithelial eells, 73, 73/ 75 
Epithelial membranes, 110, 111/ 
Epithelial tissue (epithelium), 2, 3/ 
87-92 

age-related ehanges in, 104 
elassifieation of, 88, 89/ 
digestive organs and, 467, 4680 
epidermis as, 110, 113, 114-116 
frmetions of, 88, 100/ 
glandular, 92 

regenerative abilities and, 88, 101 

simple, 88-92, 89/ 90/ 91/ 

speeial eharaeteristies of, 88 
stratified, 88, 89/ 91/ 92 
Epithelium. See Epithelial tissue 
Equilibrium, 294 

as a speeial sense, 279 
eerebelhim’s eontrol of, 246-247, 
295, 297 

disorders of, 247, 299 
dynamie, 12, 294, 295, 295/ 297 
reeeptors for, 292, 294-295, 294/ 
297 

statie, 294-295, 294/ 

vestibulocochlear nerve (VIII) 

and, 2590 279, 

294-295, 294/ 

ER. See Endoplasmie reticulum 
Ereetile tissue of penis, 541/ 542/ 543 
Ereetion, 543 

Ereetor spinae muscles, 208/j 

209, 219? 

ERV (expiratory reserve volume), 

448, 448/ 

Erythema (reddened skin), 119 
Erythroeytes. See Red blood eells 
Erythropoietin, 3310 345, 346/ 512 
Eseheriehia eoli, 535 
Esophagitis, 482 

Esophagus, 4, 6/ 465/ 466, 4 66 /, 467 
digestion in, 477/ 
epithelirim lining, 91/ 92 
heartbrirn and, 482 
hiatal hernia and, 482 
lungs in relation to, 442/ 
mucous membranes of, 110, 111/ 
as passageway for food, 439, 467 
peristalsis and, 477, 477/ 
sphineters of, 481, 481/ 
stomaeh in relation to, 469/ 
traehea in relation to, 440, 441/ 
upper respiratory traet and, 438/j 

440 


Essential amino aeids, 490, 491/ 
Essential hypertension, 390 

Estrogens, 327, 3290 556 

age-related ehanges in, 330 
bone density and, 175 
defieieney and, 330 
derived from eholesterol, 46o 309 
menopause and, 569, 572 
in menstaial eyele, 554-556, 555/ 
pregnaney and, 330 

Ethmoid bone, 147/ 148 f 149/ 150 
nasal eonehae of, 149/ 150, 151 
Ethmoid sinus, 150/ 439 
Eupnea, 453 

Evaporation (heat-loss meehanism), 
500, 501/ 

Eversion (movement), 199/ 200, 213 
Exchange reaetions, 38, 39/ 
Excitability of eells, 8, 75 
Excreta, 9 

Excretion, 9, 112, 1130 512 

Excretory system, 7. See also 
Urinary system 
Exercise 

aerobie (endurance), 196, 196/ 
benefits of, 215, 2216, 393 
eardiae output and, 369, 369/ 
cellular meehanisms in, 193-194, 
194/ 

dilation/vasoeonstrietion and, 386 
mitoehondria and, 196 
muscle fatigrie and, 195 
oxygen defieit and, 195 
resistanee (isometrie), 196, 196/ 
respiratory rate during, 453, 454 
stroke volume and, 368 
venous return and, 368, 369/ 

Exhalation (expiration), 445, 446/ 
447, 447/ 

muscles of, 208, 446/ 

Exocrine glands, 92, 119-121, 120/ 
endoerine glands vs., 92, 312 
Exocytosis, 69/ 79-80, 79/ 

in eapillary transport, 390, 390/ 
phagoeytosis and, 408, 408/ 
Exophthalmos, 319, 320/ 

Exotoxins, 419, 419 f 
Expiration (exhalation), 445, 446/ 

447, 447/ 
foreed, 447 

muscles and, 208, 446/ 
Expiratory reserve volume (ERV), 

448, 448/ 

Expulsion stage of labor, 567, 567/ 
Extension (movement), 197, 198/ 
200, 201/ 217/ 219? 

Extensor earpi muscles, 210 
radialis, 218/ 219? 
rilnaris, 218/ 219? 

Extensor digitomm longus mrisele, 

213, 214/ 217? 

faseiele pattern of, 203, 203/ 
Extensor digitomm muscles of fore- 
arm, 210, 218/ 219? 

External (superficial) orientation/di- 
reetion, 15? 

External genitalia 

female, 550/ 551-552, 551/ 
male, 541/ 543 

External respiration, 445, 449, 450, 
450/ 451/ 

Extracellular flriid (ECF), 66, 66/ 

525-526, 525/ 

in endoeytosis, 80/ 81 
in exocytosis, 79, 79/ 

in sodium-potassium pump, 78/ 
Extracellular matrix, 93 
Extracellular spaee of epidermis, 

115, 115/ 

Extrinsic eye muscles, 281, 282/ 

289, 291 

eranial nerve serving, 258?, 

260 / 282/ 


Eye, 16/ 17, 279-292. See also 
Orbits; Vision 

aeeessory structures of, 280-281, 
280/ 

anatomy (external), 280-281, 280/' 
anatomy (internal), 281-288, 283/' 
ANS innervation/effeets, 

266 / 268 ? 

blood supply of, 283/ 284/,' 287 f 
eranial nerves serving, 258?, 260/' 
disorders of, 280, 285, 287, 303 
extrinsic muscles of, 281, 282/ 
intrinsie eye muscles of, 289, 291 
muscles eireling, 202, 203 f 205, 
206/ 216/ 217? 
pathway of light throrigh, 

288-289, 291/ 

Eyebrows, 145, 280/ 
muscles of, 217? 

Eyelashes, 280, 280/ 281/ 

Eyelids, 116, 280, 280/ 281/ 

Eye soekets. See Orbits 
Eyestrain, 291 

Faeet (bone marking), 142/ 142? 

of vertebrae, 154, 154/ 155/ 
Faeial artery, as pulse point, 383/ 

Faeial bones, 145, 147/ 149/ 

150-151, 314 

Faeial burns, 125 

Faeial rmiseles, 205-206, 206/ 

216/ 217? 

of faeial expression, 4, 259? 
trigeminal nerve (V) and, 

258 ?, 260 / 

Faeial nerves (VII), 147, 257, 259?, 
259?, 260/ 301 

Faeilitated diffrision, 77, 77/ 
Faleiform ligament, 470/ 476 
Fallopian tubes, 549, 550/ 

False labor, 566 
False pelvis, 162/ 

False ribs, 157, 157/ 

Falx eerebri, 247, 248/ 

Faseieles (nerve), 256, 257/ 

Faseieles (skeletal muscle), 183, 183/ 
arrangements of, 202-203, 

203/ 205 

Fat (adipose tissue), 75, 95/ 97, 100/' 

blood-brain barrier and, 250 
blood vessels and, 390 
bone marrow and, 135, 138 
breakdown of, 268?, 314 
diffrision and, 76-77, 77/ 
as an energy source, 46?, 73, 

75, 113 

excess, storage sites for, 494 
hormones seereted by, 331? 
lipid/oil droplets of, 73/, 75, 95/ 
97 

of subcutaneous tissue, 46?, 95/ 
97, 113-114 
synthesis of, 69 
Fat eapsrile, renal, 514 
Fats (dietary) 

absorption of, 479/ 485 
cellular uses for, 491, 494 
digestion of, 7, 479/ 484-485, 484/' 
glucose eonversion of, 496, 497 f 
liver’s uses for, 496, 497/ 
metabolism of, 494, 496/ 497/ 
Fat-soluble vitamins, 76-77, 77/ 
Fatty aeids, 45-46, 47/ 
absorption of, 479/ 485 
as energy source, 194, 194/* 
in interstitial fluid, 75-76 

omega-3, 48 
satrirated, 46, 48, 48 f 
unsaturated, 48, 48/ 

Fatty streak stage of atheroselerosis, 

388 b 

Feees, 7, 8/ 9, 487-488 
defeeation and, 474 


Female reproductive system, 6/ 7, 

548-556 

anatomy of, 548-552, 550/ 
disorders of, 549, 551, 557, 569 
frmetions of, 552-556, 553/ 555/ 
genitalia of, 550/ 551-552, 551/ 
homeostatie relationships of, 573 b 
mammary glands and, 556-558 
seeondary sex eharaeteristies, 329? 
Femoral artery, 374, 375/ 
as pulse point, 383/ 

Femoral cutaneous nerves, 263/ 
Femoral nerve, 262?, 263/ 

Femoral region, 16/17 
Femoral vein, 376, 377/ 

Femur (thigh bone), 146/ 163-164, 

164/ 

age-related ehanges in, 163 
troehanters of, 142 f 142?, 

163, 164/ 

Fenestrated eapillaries, 390, 390/ 
Fertility awareness eontraeeptive 
methods, 571 h, 571/ 
Fertilization, 559-560, 560/ 

Fetal circulation, 380, 381/ 

Fetal development, 539, 558, 562 f, 

563, 564-565? 

bones, 139-140, 151-152, 

173, 174/ 

of cardiovascular system, 391, 393 
digestive system and, 380 
lungs, 380, 458 
muscles, 215 
nervoris system, 269, 271 
passive immunity and, 416/ 417 
skin/body membranes, 128 
summary of ehanges during, 

564-565? 

Fetal period, 558, 562/ 563 
Fetal tissue, as therapy, 253 b 
Fetus, 539, 558, 559/ 562/ 

ultrasonography and, 10 b, 11/ 

Fever, 126, 369, 409, 410?, 502 
prostaglandins and, 46?, 331? 
Fever blisters, 116, 126, 126/ 

Fiber, dietary, 478, 489-490, 490? 
Fibers, nerve. See Nerve fibers 
Fibrillation, 365, 367b 
Fibrils. See Myofibrils 

Fibrin elot, 347, 347/ 

Fibrin mesh formation, 406/ 407 
Fibrinogen, 339/ 347, 347/ 
Fibroblasts, 73, 73/ 95/ 
Fibroeartilage, 94/ 96 
callus of, 144, 144/ 
of cartilaginous joints, 167, 168/ 
of intervertebral dises, 94/j 152 
of symphyses, 169? 

Fibrosis in tissue repair, 101 
Fibrous (atheroselerotie) plaques, 

388-389 b 

Fibrous capsule of kidneys, 514, 

515/ 516/ 

Fibrous eonneetive tissue, 167, 168/ 
of joint articular capsule, 112/ 

169, 170/ 

Fibrous joints, 145, 167, 167, 

168 / 169? 

Fibrous layer of eyeball, 282-284, 

283/ 

Fibrous layer of synovial joints, 

112/ 170/ 

Fibrous perieardhim, 357, 359/ 
Fibrous proteins, 50-51, 52/ 85. 

See also Keratin 
Fibrous skeleton of heart, 182/ 

182?, 357 

Fibula, 146/ 164, 164/ 

joints of, 164, 164/ 167, 168 f 
Fibularis brevis muscle, 213, 214 f 
Fibularis longus muscle, 213, 214/ 
216/ 218/ 

Fibularis muscles, 213, 214 f 217/ 
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Fibularis tertius muscle, 213, 21 Af 
Fibular nerves (deep/superficial), 
262t, 263/ 

Fibular region, 16/ 17 
Fibular vein, 376 

“Fight-or-flight” response, 267-269, 
267/ 268/ 323-324, 323/ 
Filaments of sperm, 545, 546/ 
Filtrate, 517-518 

age-related ehanges in, 535 
pressure gradients and, 78 
tubular reabsorption and, 

518-519, 518/ 519/ 

urine vs., 521 
Filtration, 76, 78 

by epithelial tissue, 88 
Filtration slits, 516/ 

Fimbriae, 549, 550/ 

Fingerprints, 116 
Fingers (digital region), 16/17 
bones of, 146/ l6l, l6l/ 
joints of, 170, 171/ 
movements allowed by, 200, 210 
muscles of, 219 1 
First-degree burns, 124, 125/ 

First line of body defenses, 404/,' 405. 

See also Innate body defenses 
Fissrires (bone marking), 142/ 142 1 
Fissures (eerebral), 240-241, 242/ 
Five Golden Rnles of skeletal mus- 
ele aetivity, 197, 197 1 
Fixator muscles, 202 
Flaeeid muscles, 195 
Flaeeid paralysis, 254 

from spinal nerve damage, 257 
Flagella/flagelhim of sperm eells, 

72, 73/ 75 

Flat bones, 136 , 136/ 

Flexion (movement), 197, 198 f 
201/ 217/ 219 1 
plantar, 199/ 200, 217/ 219 1 
Flexor (withdrawal) reflex, 239/ 240 
Flexor earpi muscles, 210 
radialis, 216/ 219 1 
rilnaris, 218/ 219 1 
Flexor digitomm muscles, 210 
digitomm superficialis, 219 1 
Floating ribs, 157, 157/ 

Fluid balanee, 525-532 

aeid-base balanee and, 530-532 
eleetrolyte balanee and, 528-530, 

529/ 

fluid eompartments and, 

525- 526, 525/ 

water intake/output and, 

526- 528, 527/ 

Fluid mosaie model of plasma 
membrane, 65-66, 65/ 66/ 
Fluid pressure (hydrostatie pres- 
sure), 78, 399 

Fluid retention, 84/, 97, 399 
Fhiorine, 28 1 

fMRI (frmetional MRI), 11/ 

Focusing disorders, 288, 290-291/, 

290 / 

Folie aeid, dietary sources, 490 1 
Follieles 

of lymph nodes, 402, 402/ 
of ovaries, 548-549, 548/ 
of thyroid gland, 317/ 318 
Folliele-stimrilating hormone (FSH), 

313, 313/ 314, 328/ 329 1 
in menstmal eyele, 554-556, 555/ 

ovarian eyele and, 552 
in spermatogenesis, 544, 

546, 547/ 

Fontanels, 151/ 152, 173 

Food allergies, 426 

Food Guide Pyramid (USDA), 

489, 489/ 

Food/nutrients, 4, 7, 8/ 9, 464 
absorption of, 472-473, 472/ 

478, 479/ 


ehemieal digestion of, 468, 
471-472, 477/ 478, 479/ 
in esophagris, 467 
five basie food groups, 490 1 
ingestion of, 477, 477/ 480 
major sources of, 489-491, 

490/ 491/ 

meehanieal digestion of, 474, 
477/ 478 

metabolism of. See Metabolism 

in mouth, 466-467, 466/,’ 467, 480 

nritrition and. See Nutrition 

peristalsis and, 99, 467, 477, 477/’ 
in pharynx, 439, 467 
propulsion of, 477, 477/ 

480-482, 481/ 
pylorie sphineter and, 470 
saliva and, 238, 467, 476, 480 
segmentation and, 477/ 478 
in small intestine, 471-472, 

483-485, 484/ 487 
in stomaeh, 468, 470, 477/ 479/ 
482-483, 483/ 

Foot, 165, 165/ 

arteries of, 74, 375/ 
as lever, 165 

movements of, 199/ 200, 213 
muscles of, 216/ 217/ 218/ 219 1 
nerve supply of, 262/ 263/ 
regions of, 16/17 
veins of, 376, 377/ 

Footdrop, 262 1 

Foot proeesses of podoeytes, 516/ 
Foramen (bone marking), 142/ l42í 
interventricular, 249/ 
jugular, 147, 148/ 
magnum, 147, 148/ 149 

obtrirator, 162/ 163 

ovale, 148/ 149, 380, 381/ 

saeral, 156, 156/ 
vertebral, 154, 154/ 155/ 156/ 
Foreed expiration, 447 
Forearm (antebraehial region), 

16 , 16 / 

arteries of, 374, 375/ 
bones of, 158, 160-161, l60/ 
movements of, 199/ 200/ 210 
muscles of, 207/ 209, 210, 216/ 
217/ 218/ 219í 

nerve supply of, 262/ 263/ 
veins of, 376, 377/ 

Forehead (frontal region), 16/17 
bone of, 145, 147/ 

Forensie seientist (Career Focus), 74/ 
Foreskin (prepriee) 
female, 552 
male, 541/ 542/ 543 
Formed elements of blood, 

338-344, 339/ 

as eonneetive tissue eells, 96/ 97 
summary table, 343 1 
Fossa (bone marking), 142/ 142/ 
Fossa ovalis, 360/ 380 
Fourth ventriele of brain, 245/ 246, 
248, 249/ 

Fovea eentralis, 283/ 285, 287/ 
Fractures, bone, 144-145, 144 f 145 1 

femur and, 163 
humerus and, 158 
pathologie, 175 
spontaneous, 319 
Freekles, 116 

Free edge of nail, 123, 124/ 

Free nerve endings, 116, 117, 
233-234, 234/ 

Free radieals, 46/ 71 
Frontal (eoronal) seetion, 17, 18/ 
Frontal bone, 145, 147/ 148/ 149/ 
Frontalis muscle, 205, 206/ 

216/ 217/ 

Frontal lobe of brain, 24l, 242/ 243 
Frontal region, 16/ 17 
Frontal sinus, 150/ 438 f 439 


Frostbite, 500 
Fructose, 44, 478, 479/ 

FSH. See folliele-stimrilating hormone 

Frill-thiekness burns, 124-125, 125/ 

Frmetional group of organie mole- 

cules, 43 

Frmetional MRI (fMRI), 11/ 
Frmetional proteins, 50-51, 52/ 85 
Fundus 

of eye, 287, 288/ 
of stomaeh, 468, 469/ 
of uterus, 549, 550/ 

Frmgiform papillae, 301, 302/ 

Fused (eomplete) tetanus, 192-193, 
193/ 

Fusiform muscle arrangement, 

203, 203/ 

Fusion inhibitors, 429/ 

Gag reflex, 259/ 

Galaetose, 44, 478, 479/ 
Gallbladder, 21/ 465/ 471/ 476 

ANS innervation/effeets, 

266 / 268 / 

eholeeystokinin and, 331/ 485/ 
inflammation of, 503 
peritoneal attaehments of, 470/ 
Gallstones, 476, 503 
Gametes (sex eells), 539 
Gamma globulin, 417 
antibodies and, 417, 420/ 
passive imimmity and, 416/ 417 
Gamma interferon, 425/ 

Gamma radiation/rays, 31 

Ganglia, 232, 233, 233/ 264, 265/ 

of spinal eord as, 255-256 
Ganglion eells of retina, 284, 28 Af 
Gap jrmetions, 67, 67/ 99 
Gardasil vaeeine, 551 
Gas (gaseous state), 26 
poisonous, 32, 33/ 451 
Gas exchanges 

in body tissues, 445, 449-450, 
450/ 451/ 453 

in eapillaries, 390-391, 390/ 391/ 

in hmgs, 443-444, 443/ 444 f, 
445-447, 449-451, 450/ 451/ 

plaeental, 380 

pulmonary/systemic circuits and, 

360 , 361 / 

residual air volume and, 448 
Gas transport 

in blood, 97, 445, 450, 450/ 451/ 
erythroeytes and, 73, 73/ 338, 
339/ 340-342, 343/ 345, 
346/ 445, 450, 451/ 

prilmonary/systemie eimits and, 

360 , 361 / 

Gastrie artery, 374 
Gastrie glands, 266/ 268/, 469/ 470 
Gastrie inhibitory peptide (GIP), 485/ 
Gastrie juice, 43/ 410/, 470, 

482, 485/ 

Gastrie pits, 469/ 470 
Gastrie ulcers, 48 6b 
Gastrie veins, 380, 382/ 

Gastrin, 331/, 470, 482, 485/ 
Gastrocnemius muscle, 211/ 213, 
214/ 216/ 218/ 219/ 
Gastroenteritis, 503 
Gastrointestinal (GI) traet, 465-466. 

See also Digestive traet 
General sensory reeeptors, 279 

pain, 3, 113, 113/, 116, 233-234, 
234/ 

pressrire, 3, 5/ 113, 113/, 114/ 
117, 234, 234/ 
temperature, 3, 113, 234/ 

touch, 113, 116, 234, 234/ 

vs. speeial sense reeeptors, 

279 

Genes, 45, 53, 56, 85, 86/ 

eaneer and, 102-1036 


Genitalia 

ANS innervation/effeets, 

266 / 268 / 

female, 550/ 551-552, 551/ 
male, 541/ 543 
Genital region, 16/17 
Germinal eenters, 402, 402/ 
Gestation period, 558 
GI (gastrointestinal) traet. See 
Digestive traet 
Gigantism, 314, 314/ 

Gingiva (gum), 466/ 475, 475/ 

GIP (gastrie inhibitory peptide), 485/ 
Glands, 92 

ANS innervation/effeets, 

266 / 268 / 

nervous system and, 4, 

227, 227/ 

tissue of, 87-88, 89/ 92 
Glans penis, 541/ 542/ 543 
Glaucoma, 287 
Glenoid eavity, 158, 159/ 

Glia. 5’ee Glial eells 
Glial eells, 99/ 100, 228-230, 229/ 
Gliding movements, 170, 171/ 
Gliomas, 230 

Globrilar proteins, 50-51, 52/ 85 
Glomemlar eapillaries, 515 f, 516/,' 517 
Glomemlar capsule, 516/ 517, 519/ 
Glomemlar filtration, 78, 517-518, 

518/ 519/ 

Glomemlonephritis, 426 
Glomemlris, 515/ 516/ 517 
Glossopharyngeal nerve (IX), 257, 

259/, 259/, 260/ 301 

taste sense and, 301 

Glottis, 440 

Glucagon, 324, 325, 325/ 326/ 

329/, 496 

Glucoamylase, 479/ 

Ghieoeortieoids, 46/, 320, 321, 321/ 

328/, 329/ 

in long-term stress response, 
323-324, 323/ 

Gluconeogenesis, 496, 497/ 
Ghieosamine srilfate, 172 

Glucose, 28/, 44, 491 
absorption of, 479/ 
in ATP prodrietion, 45, 491-494, 

492 / 

blood levels. See Blood glucose 
levels 

cellular respiration and, 193-194, 

194/ 491-493, 492/ 
ehemieal digestion of, 478, 479/ 
as energy source, 44, 45, 57, 

194, 194/ 324, 491, 494 
liver and, 325, 326/ 496, 497/ 
metabolism of, 57, 491-494, 

492/ 493/ 495/ 

thyroxine and, 496 
tubular reabsorption of, 518, 

518/ 519/ 
in urine, 324, 522/ 

Glutamate, 301 
Ghiteal nerves, 262/, 263/ 

Gluteal region, 16/17 

Glriteal triberosity of femur, 163, 164/' 

Gluteus maximus muscle, 210, 

211/ 218/ 219/ 

Gluteus medius muscle, 210-211, 
211/ 218/ 219/ 

as injeetion site, 210-211, 211/ 
Gluteus mriseles, nerve supply of, 
262 /, 263 / 

Glyeerol, 45-46 
Glyeine, 49/ 

Glycocalyx, 66 

Glyeogen, 44-45, 496, 497/ 

in blood glucose regrilation, 325, 

326/ 

in glyeolysis, 194, 194/ 
Glyeogenesis, 44-45, 496, 497/ 
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Glyeogenolysis, 496, 497/ 
Glyeolipids, 66/ 115, 115/ 
Glyeolysis, 194, 19 4/ 492-493, 492/ 
Glyeoproteins, 66, 66/ 67, 70/ 
Glycosuria, 522? 

GnRH (gonadotropin-releasing 

hormone), 547/ 

Goblet eells, 89, 90/ 92, 441/ 474 
Goiters, 318, 318/ 

Golgi apparatus, 69, 69/ 70/ 71, 

73, 73/ 

Golgi tendon organ, 234/ 
Gomphosis, 169? 

Gonadal arteries, 374, 375/ 

Gonadal veins, 376 
Gonadotropie hormones, 313, 313/ 
314 

Gonadotropin-releasing hormone 

(GnRH), 547/ 

Gonads, 312/ 327, 3296 539 
arteries, 374, 375/ 
embryonie, 568 
female (ovaries), 327, 539 
hormonal stinmli and, 311, 311/ 
male (testes), 327, 539 
veins of, 376 
Gonorrhea, 549 
eongenital, 303 
Gouty arthritis (gout), 173 
Graafian follieles, 548/ 549 
Graeilis muscle, 216/ 

Graded muscle eontraetions, 

191-193, 193/ 

Graded potential, 237, 238 
Graft rejeetion, 422, 425 

killer T eells and, 421, 422/ 424 1 
T lymphoeytes and, 343? 

Grafts, osteoehondral, \6lb 
Granulation tissue, 101 

in bone fractures, 144, 144 f 
Granulocytes of white blood eells, 

342, 3436 344 
Granzyme, 421, 422/ 425? 

Graves’ disease, 318, 426 
Gravity 

statie equilibrium and, 294-295, 
294/ 

swallowing and, 481 
Gray matter, 233, 243 
basal nuclei as, 244, 244/ 
of brain stem, 246 
of eerebral cortex, 241, 242/ 

243, 244, 256/ 

dorsal horns of, 254, 255/ 
reticular formation as, 245/ 246 
of spinal eord, 254, 255/ 256/ 
ventral horns of, 254, 255/ 
Greater vestibular glands, 550/ 552 
Greenstiek fraetrire, 145/ 145 1 

Groin (ingriinal region), 16/17 
Groove (bone marking), 142/ 142/ 
Gross anatomy, 2 
Grormd sribstanee, 93 
Growth and development, 4, 9 
body proportions and, 173-174, 
174/ 

puberty and, 104 
Growth hormone (GH), 526 140, 
313-314, 313/ 314/ 3286 330 
effeets of, 31 6b 
major aetions of, 328? 
as therapy, 314, 31 6b 
Grianine (G), 53, 54/ 81, 82/ 

Gum (gingiva), 466/ 475, 475/ 

Gustatory area of eerebral cortex, 
242/ 301 

Gustatory eells/hairs, 301, 302/ See 
also Taste sense 
Gyri/gyrus, 240, 242/ 243/ 

Hair, 114/ 121-122, 122/ 123/ 
age-related ehanges in, 128 
follieles. See Hair follieles 


Hair eells 

of equilibrium, 294, 294/* 
of hearing, 297-299, 297/ 298/ 
299/ 

of smell, 300-301, 300/ 
of taste, 301 , 302/ 

Hair follieles, 1146 120, 1206 121, 

122/ 123, 123/ 

inflammation of, 126 
reeeptor (plexus), 114/ 

Hamate bone, l6l/ 

Hammer (malleus) bone, 2926 293, 
297, 298/ 

Hamstring mriseles, 211/ 213, 218/ 
219 ? 

Hand (manus region), l6f 
bones of, l6l, l6l/ 
interearpal joints of, 168/ 170, 
171/ 

movements of, 200 
muscles of, 209-210, 218/ 219? 
nerve supply of, 262?, 263/ 
Hapten, 412, 426, 427 
Hard palate, 148/ 150, 438/ 439, 
466, 466/ 

eleft palate and, 150, 439, 458, 

502 

Haustra, 473/ 474 
Haustral eontraetions, 488 
Haversian (eentral) eanals, 94/ 138, 

139/ 

Haversian system (osteon), 138, 139/ 
hCG (human ehorionie go- 
nadotropin), 330 , 561 
HDLs (high-density lipoproteins), 

46?, 498 

Head (bone marking), 142/ 142? 
Head (eephalie region) 

anterior srirfaee landmarks, 

16/ 17 

arteries of, 374, 375/ 379-380, 
379/ 

equilibrium and, 295, 295/ 297 

hyperextension movement of, 
197, 198/ 200 

muscles of, 205-207, 205/ 206/ 
216/ 217? 

posterior srirfaee landmarks, 16/ 
17 

rotational movements of, 198/ 

200, 217?, 295, 295/ 

traumatic brain injriries and, 251 
veins of, 147, 376, 377/ 
Headaehe, sinus, 150, 439 
Hearing, 297-299, 297/ 

age-related ehanges in, 304 
eoehlear nerve and, 2596 
297/ 298 

developmental aspeets, 303-304 
reeeptors, 22, 292, 297-299, 

297/ 298/ 299/ 

reflex eenters (nuclei) of, 246 
route of sound waves, 298/ 299/ 
Hearing aids, 299 
Heart, 2, 3/ 4, 5/ 357-370 
anatomy (gross), 357-363, 
359-360/ 

ANS innervation/effeets, 

266 / 268 ? 

eardiae eyele and heart sormds, 

365-366, 366/ 

eardiae output and, 367-370, 369/' 
eongenital defeets of, 393 
disorders of, 363, 365, 366, 368, 
369-370 

hormones seereted by, 331? 
intrinsie blood supply of, 363 
intrinsie eondrietion system of, 

364-365, 364/ 3676 

medieal imaging techniques and, 
106, 11/ 

muscle tissue of, 98/ 99. See also 
Cardiac muscle 


as pump, 4, 358, 360, 361/ 

367- 370 

“skeleton” of, 182/ 182?, 357 
vagus nerve (X) and, 259? 

Heart attaeks, 363, 3896 
Heartbeat 

basie rhythm of, 364-365, 564/ 

events of, 365-366, 366/ 
stroke volume and, 367-370 
Heart bloek, 365 
Heartburn, 482, 565 
Heart murmurs, 366 
Heart rate (HR), 13 

eardiae output and, 367-370, 

369/ 

disorders of, 365 
eleetrolyte imbalanees and, 

368- 369 

epinephrine and, 387 
hormonal inflrienees on, 

368-369, 369/ 

medrillary nuclei and, 246 
parasympathetie/ sympathetie 
effeets on, 268?, 368, 369/ 
physieal faetors affeeting, 369, 

369/ 

pulse rate and, 383 
stroke volrime and, 368-370, 

569/ 

Heart sormds, 366 
Heart valves, 361-363, 362/ 
artifieial, 422 

auscultating, sternal angle 
and, 156 
sormds of, 366 

Heat, of energy eonversions, 26-27 
Heat exhaustion, 502 
Heat-loss meehanisms, 500, 501/ 502 
evaporation vs. radiation, 500 
sweat glands and, 113?, 121 
Heat-promoting meehanisms, 500 
Heat stroke, 502 
Heavy/light ehains of antibody 
structure, 417, 418/ 

Heelbone. See Calcaneus 
Heel of foot (ealeaneal region), 1(/ 17 
Heimlieh maneuver, 440 
Helieobaeterpylori , peptie ulcers 

and, 486-4876, 487/ 

Helium, 29/ 30/ 34/ 

Helper T eells, 421, 421/ 423/ 424? 
delayed allergies and, 427 
HIV/AIDS and, 427, 428-4296 
Hematoerit, 338 
Hematoma, 119, 144 
Hematopoiesis (blood eell forma- 

tion), 4, 135, 344-346, 345/ 

Hematriria, 522? 

Hemianopia, 289 
Hemiplegia, 251 

Hemoeytoblasts, 345, 345/ 412, 431 
Hemodialysis, 520-5216 
Hemoglobin (Hb), 52?, 340-342, 34(1/' 
fetal, 352 

as globular protein, 52/ 52? 
iron as eomponent of, 28? 
oxygen transport and, 450, 451/ 
pH ehanges and, 50-51 

skin eolor and, 119 
in urine, 522? 

Hemoglobinriria, 522? 

Hemolysis, 350 
Hemolytie anemia, 341? 

Hemolytie disease of newborn, 351 
Hemophilia, 119, 348 
Hemorrhage 

blood pressrire and, 386 
eardiae output and, 369/ 
hemodialysis and, 5216 
liver aetions in, 403 
spleen aetions in, 403 
Hemorrhagie anemia, 341? 
Hemostasis, 346-348, 347/ 


Heparin, 343?, 5216 
Hepatie (eolie) flexure, 473/ 474 
Hepatie artery, 374 
Hepatie ducts, 471/ 476 
Hepatie portal eirerilation, 380-383, 
382 / 496 

Hepatie portal vein, 376, 377/ 380, 
381/ 382/ 
fetal, 381/ 

Hepatie veins, 376, 377/ 380, 382/ 

313/ 

fetal, 381/ 

Hepatitis, 348, 417, 476 
Hepatoeytes, 380, 382/ 
Hepatopanereatie amprilla, 

471-472, 471/ 
Hermaphrodites, 568 
Hernia, hiatal, 482 
Herniated dises, 152 
Herpes simplex virns, 116, 126, 12 6f 
Hiatal hernia, 482 
Hiccups, 449? 

High altitrides, 12, 342 
High blood pressure (hyperten- 
sion), 387, 390 

High-density lipoproteins (HDLs), 

46?, 498 

High-energy phosphate bonds, 28?, 

56/ 57, 57/ 

High-frequency sound waves, 298, 

299/ 304 

Hilum 

of lung, 440, 442/ 
of lymph node, 402, 402/ 

Hinge joints, 169?, 170, 171/ 
movements allowed by, 197, 
198 / 

Hip (coxal region), 16, 16/ 

Hip bones (coxal bones), 21, 21/ 

161-163, 162/ 

as irregular bones, 136 
muscles aeting on, 210-213, 

211-212/ 216/ 217?, 218/ 
219? 

nerve supply of, 262?, 263/ 
pelvie girdle formed by, l6l, 

162/ 163/ 

protheses, 166-1676, 166/ 
saemrn and, 156 
Hip joint 

artifieial, 166-1676, 166/ 
as ball-and-soeket joint, 171 
movements allowed by, 210, 

211 , 211 / 

Histamine, 344, 405 

in acute allergie reaetions, 

426, 427/ 

antihistamine drugs and, 426 
basophils and, 343?, 344 
blood pressrire and, 387 
IgE antibodies and, 418, 420?, 
426, 427/ 

inflammation and, 343?, 344, 

405, 406/ 419/ 
stomaeh and, 485? 
vasodilation and, 343?, 387, 

426, 427/ 

HIV (human immrmodefieieney 

virus), 428-4296, 428/ 

Hives, 426 

Homeostasis, 12-14, 13/ 
Homeostatie imbalanees, 13-14 
Homunculi 

motor, 241, 243/ 
sensory, 241, 243 f 
Hormonal stimuli, 311, 311/ 
Hormone replaeement therapy 
(HRT), 572 
Hormones, 4, 309 

amino aeid-based, 50, 52?, 309 
ehemistry of, 50, 52?, 309-310, 
310 / 

in digestive proeesses, 485? 
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Hormones ( eontinned) 

of endoerine organs, 312-327 
heart rate and, 368-369, 369/ 
homeostatie role of, 12-13, 309 
hyperglyeemie, 324 
hypoglyeemie, 324 
inhibiting, 315, 328/ 
lipid-soluble, 309, 310/ 
major, summary table, 328-329 1 
meehanisms of aetion, 309-310, 
310/ 

negative feedbaek and, 310-312, 

311/ 319, 320/ 

of non-endoerine organs, 327, 
330, 331/ 

non-steroidal, 309-310, 310/ 
performanee enhaneing, 

204-2056 

releasing, 313/ 315, 328/ 
steroid. See Steroid hormones 
stimuli that aetivate, 311-312, 

311/ 328-329/ 

targets of, 309, 313, 328-329/ 

Horns (cornua) 

of eerebral ventrieles, 249/ 
of hyoid bone, 151, 151/ 

Hot weather/temperatures 
enzymes affeeted by, 409 
heart rate and, 369 
vasodilation and, 387 
hPL (human plaeental laetogen), 330 
HPV (human papillomavims) vae- 
eine, 551 

HR. See Heart rate 
HRT (hormone replaeement ther- 
apy), 572 
Human body 

neeessary life functions, 7-9, 12 
organ system overview, 3-7, 5-6/' 
structural organization, 2-7, 3/ 
Human ehorionie gonadotropin 
(hCG), 330, 561 
Human immrmodefieieney vims 

(HIV), 428-4296, 428/ 

Human papillomavims (HPV), 
eervieal eaneer and, 551 
Human plaeental laetogen (hPL), 330 
Humerus, 146/ 158, 160/ 
as long bone, 136/ 158 
movements of, 209 
muscles of, 208/ 216/ 217/ 

218/ 219 t 

shoulder joint and, 168/ 
Humoral imiminity. See Antibody- 
mediated (humoral) immunity 
Humors of eyeball, 281, 283/ 287 
Hunger, 324, 498 
Hrmtington’s disease, 245, 253 6 
Hyaline eartilage, 93, 94/ 96 
of artierilar surfaces, 112/ 137/ 
138, 169, 170/ 

of embryonie skeleton, 139-140, 
140/ 

of fetal skeleton, 140/ 173, 17 Af 
of synehondroses, 167, 168/ 169/ 
of traehea, 440 

Hydrocephalus, 250, 250/ 271 
Hydroehlorie aeid, 469/ 470, 482 
antibaeterial properties of, 405 
gastrin hormone and, 331/ 482 
histamine hormone and, 485/ 
pH of, 43/ 

as strong aeid, 42 

Hydrogen, 28/ 29-30, 30/ 32/ 34/ 
eovalent bonding and, 35, 36/ 37 
gas, 35, 36/ 

isotope of, 31, 31/ 
molecular, 32 

Hydrogen bonds, 37-38, 37/ 
in DNA structure, 54/ 56 
Hydrogen ions 
aeids and, 41-42 
pH seale and, 42, 43/ 


tubular seeretion and, 518/ 

519, 519/ 

Hydrogen peroxide, 71 
Hydrolases, 53 

Hydrolysis reaetions, 41, 43, 4 Af 
disaeeharides and, 44, 45/ 
Hydrolytie enzymes, 71 
Hydronephrosis, 514 
Hydrophilie/phobie phospholipids, 
66 , 66 / 

Hydrostatie pressure (fluid 
pressrire), 78, 399 
Hydroxides, 42 
Hydroxyl group (OH), 43 
Hydroxyl ions, 42, 43/ 

Hygiene hypothesis, 4566 
Hymen, 550/ 551 
Hyoid bone, 151, 151/ 165, 438 f 
tongue and, 466, 466/ 

Hyperaldosteronism, 322 
Hyperealeemia, 141 
Hyperealeemie hormones, 319 
Hyperextension (movement), 198/ 

Hyperglyeemia, 493 
Hyperglyeemie hormones, 321, 

324, 325 

Hyperopia (farsightedness), 290/ 2916 
Hyperplasia, 104, 525 
Hyperpnea, 453 

Hyperseeretion 

of aldosterone, 322 
of gonadotropie hormones, 314 
of growth hormone, 314 
of thyroxine, 318-319 
Hypersensitivities, 426. See also 
Allergies 

Hypertension (high blood 
pressure), 387, 390 
Hyperthermia, 502 
Hyperthyroidism, 499 
Hypertrophy, 196 

of prostate gland, 542 
Hyperventilation, 455 
Hypoaldosteronism (Addison’s 
disease), 322, 530 
Hypoehondriae regions, 21, 21/ 
Hypodermis, 95/ 97, 113-114, 114/ 
age-related ehanges in, 117 
Hypogastrie (pubic) regions, 21, 21/ 
Hypoglossal nerve (XII), 257, 

259/ 260 / 

Hypoglyeemia, 493 
Hypoglyeemie hormones, 324 
Hypophyseal portal system, 313/ 
Hyposeeretion 

of adrenal cortex hormones, 322 
of gonadotropie hormones, 314 
of growth hormone, 314 
of testosterone, 327 
of thyroxine, 318 
Hypospadias, 535 
Hypotension (low blood pressure), 
387 

orthostatie, 271, 387 
Hypothalamus, 245, 245/ 246, 

312 , 312 / 

as body’s thermostat, 13, 

500, 501/ 

developmental aspeets of, 271 
food intake regulation and, 498 
hormonal stimuli and, 311, 311/ 
hormones prodiieed by, 315, 315/ 
in labor and delivery, 566, 566/ 
neurosecretory eells of, 315 , 315/ 
pituitary-hypothalamus relation- 
ship and, 315, 328? 
in stress response, 323/ 
Hypothermia, 500 
Hypothyroidism, 499 
Hypotonie IV solutions, 846 
Hypoventilation, 455 
Hypoxia, 451 

H zone, 186/ 187, 191, 191/ 


I (light) bands, 186/ 187, 191, 191/ 
IBS (irritable bowel syndrome), 503 
ICF. See Intracellular fluid 
IgA, 418, 420/ 

IgD, 418, 420/ 

IgE, 418, 420/, 426, 427/ 

IgG, 418, 420/ 

IgM, 418, 420/ 

Igs (immunoglobulins), 350, 

417-420. See also Antibodies 
ileoeeeal valve, 471, 473, 473/ 487 
Ileum, 465/ 471, 473/ 

iliae (inguinal) regions, 21 , 21/ 
iliae arteries (external/internal), 

374, 375/ 381/ 

iliae erest, l6l, 162/ 163, 211/ 

212/ 513 

iliae spines (anterior/posterior), 

162 / 163 , 211 / 212 / 

Iliacus muscle, 211 , 212/ 
iliae veins (external/internal), 

376, 377/ 

ilioeostalis muscle, 208/ 209 
Iliopsoas muscle, 211, 212/ 

216/ 217/ 

Iliotibial traet, 210, 211/ 218/ 

Ilium, 161 , 162/ 163 
Imaging techniques in medieine, 
10-116, 11/ 

Immediate (acute) hypersensitivity, 

426, 427/ 

Immime response/immrmity, 

404, 411 

acquired, 416-417, 4l6/ 418, 420/ 
aetive, 416-417, 416/ 
age-related ehanges in, 431 
allergies and, 426-427, 427/ 
antibody-mediated (humoral), 

411, 414-420 
burn injuries and, 124 
cellular (eell-mediated), 411, 
420-422 

fetal, 418, 429, 431 

genetie determinations and, 413, 

431 

lymphoeytes role in, 343/, 344 
passive, 4l6/ 417, 418, 420/ 
stress and, 323-324, 323/ 431 
summaries/flowcharts, 410/, 

423/ 424-425/ 

Immiine system, 403-429, 404, 404/' 
adaptive body defenses, 404, 

404/ 411-429, 423/ 

age-related ehanges in, 431 
developmental aspeets of, 

429, 431 

disorders of, 425-427, 428-4296 
hygiene hypothesis and, 4566 
innate body defenses, 404-409, 
404/ 410/ 

internal defenses, 405-409, 408/ 
409/ 410/ 

lymph nodes and, 400-402 

stem eells of, 431 

stress and, 323-324, 323/ 431 

Immrmization programs (vaeeines), 

416-417, 416/ 

immrmoeompetent lymphoeytes, 

412-414, 413/ 

developmental aspeets of, 431 
immrmodefieieney disorders, 427 
AIDS, 427, 428-4296 
SCID, 427 

Immunoglobulins. See Antibodies 
immrmologieal memory, 411, 

415, 424/ 

memory B eells, 415, 415 f 
423/ 424/ 

memory T eells, 422, 423/ 424/ 
passive immunity and, 416-417, 
416/ 

Immrmology, 411 

Immunosuppressive therapy, 173, 425 


impaeted fracture, 145/ 145/ 
impaeted teeth, 474 
Impetigo, 126, 126/ 

Implantation of fertilized egg, 549 

ineisors (teeth), 474, 475/ 

Inclusions, eytoplasmie, 68 
ineompetent heart valve, 363, 366 
ineomplete antigen, 412, 426, 427 
ineontinenee, 524, 565 
Incus (anvil) bone, 2926 293, 

297, 298/ 

Inert elements, 34, 34/ 

Infant respiratory distress syndrome 
(IRDS), 458 
Infants 

injeetion sites for, 212/ 213 
premature, 458 
infarets 

brain, 2716 
myoeardial, 363 
Infectious mononucleosis, 342 
Inferior (caudal) orientation/ 
direetion, 15/ 

Inferior vena eava, 359/ 360, 360/ 
376, 377/ 382/ 513/ 

fetal, 381/ 

veins draining into, 376, 377/ 
Infertility, 543 

Inflammatory joint disorders, 

172-173, 173/ 

Inflammatory response, 405-408, 
410/ 

antibodies and, 419, 419 f 420/ 
flowchart of events in, 406/ 
histamine and, 343/, 344 

membrane attaek complexes 

(MAC) and, 408-409 

prostaglandins and, 46/, 331/ 
tissue injury promting, 101 
Infrared radiation, 26 
Infundibulum, 549, 550/ 

Ingestion of food, 477, 477/ 480 
Ingriinal ligament, 212/ 

Ingriinal lymph nodes, 401, 401/ 
Ingriinal region, 16/ 17 
Inhalation (inspiration), 445-447, 

446/ 447/ 

muscles of, 207, 445, 446/ 

respiratory pump, venous return 

and, 369/ 372 

Inhibiting hormones of 

hypothalamus, 315 , 328/ 
injeetion sites 
buttock, 163 

deltoid muscle, 209, 209/ 
gluteus medius muscle, 210-211, 

211 / 

for infants, 212/ 213 
intramuscular, l6l 
vastus lateralis muscle, 212/ 
Injriries 

inflammatory response and, 

405-408, 406/ 410/ 

tissue repair and, 100-101 

Innate body defenses, 404-409 
eells and ehemieals of, 405-409 
mucous membranes as, 404-405, 
404/’ 

seeretions as, 404-405, 40 Af 
skin as, 404-405, 404 f 

summary ehart, 410/ 

Inner eell mass, 560/ 561 
Inner ear, 292/ 293-294 
route of sormds through, 
297-298, 298/ 

inorganie compounds, 39, 40-41 
Insertion (muscle attaehment site), 
197, 197/ 

Inspiration (inhalation), 445-447, 

446/ 447/ 

muscles of, 207, 445, 446/ 

453, 454/ 

neural regrilation of, 453, 454/ 
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respiratory pump, venous return 

and, 369/ 372 

Inspiratory reserve volume (IRV), 

448, 448/ 

Insulin, 52?, 324, 325/ 329? 

age-related ehanges and, 330 
in blood glucose regulation, 

324-325, 326/ 496 

gastrie inhibitory peptide 

and, 485? 

humoral stimuli and, 311-312 
resistin hormone and, 33 lí 
Insulin resistanee, 325 
Integrase AIDS drugs, 4296 
Integration eenters in reflex ares, 

238-240, 239/ 

Integration function of nervous 
system, 227, 227/ 

Integiiment, 112. See also Skin 
IntegLimentary system, 3, 5/ 
112-128. See also Skin 
age-related ehanges in, 104, 117, 
118 6, 128 

developmental aspeets of, 128 
functions of, 3, 5/ 7, 8/’ 100, 

112-113, 113í 

homeostatie relationships 
of, 130 6 

Interatrial septum, 358 
Interbrain. See Dieneephalon 
Interealated dises, 98 f 99, 182/ 182? 
Interearpal joints, 168/ 170, 171/ 
Intercellular elefts, 390, 390/ 
Intereondylar eminenee of tibia, 

164, 164/' 

Intereondylar fossa of femur, 

163-164, 164/ 

Intereostal arteries, 374 
Intereostal muscles, 207-208, 216/ 
breathing and, 157, 207-208, 

442/ 445, 446/ 

in foreed expiration, 447 
Intereostal nerves, 257, 26l, 26l/ 

453, 454/ 

respiratory rhythms and, 453, 454/' 
Intereostal spaees, 157, 157/ 
Interferons, 408, 409, 410?, 425? 
Interleukins, 345, 424? 

Interlobar arteries, 514, 515/ 
Interlobar veins, 514, 515/ 
Intermediate filaments 

of eytoskeleton, 69/ 71, 72/ 
of epithelial eells, 73, 73/ 75 

of stratum spinosum, 115/ 
Intermediate orientation/direetion, 15? 
Internal (deep) orientation/ 
direetion, 15? 

Internal capsule of eerebmm, 

244, 244/ 

Internal ear. See Inner ear 

Internal respiration, 445, 449, 450/ 
451/ 453 

Interneurons (assoeiation neurons), 

233/ 234 

in aseending/deseending 
pathways, 256/ 
in reflex ares, 238-240, 239/ 
Interosseous membranes, 160, 164 
of forearm, 160, 160/ 

of leg, 164, 164/ 

Interphalangeal joints, 170, 171/ 
Interphase of eell life eyele, 81, 82/ 
Interstitial eells of seminiferous 
tubules, 540, 546 

Interstitial fluid (tissue fluid), 8 f 64, 
75-76, 390 

blisters and, 113 
eapillary exchanges and, 

390-391, 390/ 391/ 

excess, edema and, 399 
as extracellular fluid, 525-526, 

525/ 

lymphatie vessels and, 399, 399/ 


sodium-potassium pump and, 

78/79 

synaptie eleft and, 188 
Interstitial lamellae, 138, 139/ 
intertroehanterie erest of femur, 

163, 164/ 

intertroehanterie line of femur, 

163, 164/ 

Intertubercular sulcus, 158, 160/ 
Interventricular arteries, 359/ 363 
Interventricular foramen, 249/ 
Interventricular pressure, 365-366 
Interventricular septum, 358, 360/ 

361/ 364/ 365 

Interventricular sulcus, 359/ 
Intervertebral dises, 94/ 152, 

152, 153/ 

herniated, 152 

Intervertebral joints, 167, 168 f 
Intestinal baeteria, 46?, 487 
Intestinal bypass surgery, 5056 
Intestinal erypts, 472/ 

Intestinal gastrin, 331?, 331?, 485? 
Intestinal juice, 483 
Intestines. See Large intestine; Small 
intestine 

IntraeelMar fluid (ICF), 66, 75, 

525, 525/ 

Intraeranial hemorrhage, 251 
Intramolecular bonds, 38 
Intraocular pressure, 287 
Intraperitoneal infeetions, 467 
Intrapleural pressure, 447 
Intrapulmonary volume, 447, 447/ 
Intrauterine deviee (IUD), 5706, 
571/ 572/ 

IntravenoLis (IV) sokitions/therapy, 

77, 846 

Intraventricular pressure, 361, 362/ 
Intrinsie (internal) eye muscles, 

289, 291 

Intrinsie conduction system of 

heart, 364-365, 364/ 

Intrinsie faetor, 341?, 352, 470 
Intrinsie nerve plexuses, 467, 468/ 
Inversion (movement), 199/ 200, 
213, 217? 

Invokmtary muscles 

eardiae, 99, 182?, 184-185 

smooth, 182?, 184 
Invokmtary nervoris system, 227/ 

228, 264 

Iodine, 28í, 32?, 318-319 
dietary sources of, 490? 

Ion ehannels 

at neuromuscular jrmetion, 
188-190, 189/ 
at synapses, 237-238, 238/ 

Ionie bonds, 34, 35/ 

Ionie eompormds, 41, 41/ 

Ions, 26, 29, 34, 35/ 41, 41/ 

tubular reabsorption of, 5186 

519, 519/ 

IRDS (infant respiratory distress 
syndrome), 458 
Iris, 280/ 283/ 284, 289 

ANS innervation/effeets, 

266 / 268 ? 

eonstrietor muscles of, 284, 291 
Iron, 28?, 28?, 32?, 41, 51, 340 
dietary sources, 490? 
iron-defieieney anemia, 341? 
Irregrilar bones, 136, 136/ 
Irritability of eells, 8, 75 
of nerirons, 99, 235-238 
of skeletal muscle, 187-191 
Irritable bowel syndrome (IBS), 503 
IRV (inspiratory reserve volume), 

448, 448/ 

Isehemia, 365, 3676 
Isehial spine, 162/ 163 
Isehial triberosity, 162/ 163 
Ischium, 162/ 163 


Islets of Langerhans, 324-325, 

325/ 329? 

Isografts, 422 
Isoleucine, 491/ 

Isometrie exercises, 196, 196/ 
Isometrie muscle eontraetions, 195 
Isotonie muscle eontraetions, 195 
Isotonie solritions, 846 
Isotopes, 30-31, 31/ 

radioisotopes and, 106, 31 
isovohimetrie phase of eardiae 
eyele, 366/ 

Isthnms of thyroid gland, 317, 317/ 
IUD (intrariterine deviee), 5706, 
571/ 572/ 

IV (intravenoris) therapy, 846 

Jarmdiee, 476 

physiologie, 352 
Jarmdieed skin, 119, 352 
Jaws 

lower. See Mandible 
upper. See Maxillae 

Jejunum, 465/ 471, 471/ 

JG. See Juxtaglomerular 
Joint eavity, 112/ 169, 170/ 

Joints (artierilations), 3, 5/, 134, 

165-173 

age-related ehanges in, 175 
artifieial, 166-1676, 166/ 167/,’ 173 
elasses of, 167, 168 f 169? 
immovable, 145 

inflammatory response and, 405, 

406/ 

movements and, 197-200, 197?, 

198-199/ 201/ 

proprioeeptors and, 234 
of vertebrae, 154, 156, 167, 168/ 
Jugular foramen, 147, 148/ 

Jugular noteh, 156, 157/ 

Jugular veins, 147, 376, 377/ 401/ 
Jrmetions, membrane, 67, 67/ 
Juxtaglomerular (JG) apparatris, 

516/ 528, 529/ 530 

Juxtamedullary nephrons, 516/ 517 

Kaposi’s sareoma, 4286 

Keal (kilocalories/Calories), 488 

Keratin, 50, 112, 113?, 114-116, 

405, 410? 

Keratinoeytes, 114-116, 115/ 
Ketoaeidosis, 494 
Ketosis, 324 

Kidneys, 6/ 7, 513. See also nnder 
Renal 

in aeid-base balanee, 530-532 
adrenal glands in relation to, 321/ 
age-related ehanges in, 535 
ANS innervation/effeets, 266/ 268? 
arteries of, 374, 375/ 514, 515/ 
artifieial, 521-5226 
blood pressure regrilation and, 
386-387, 386/ 
blood supply of, 514, 515/ 
eongenital disorders of, 532, 535 
dialysis of, 520-5216 
erythropoietin and, 331?, 345, 

346/ 512 

failrire of, 350, 520-5216 
filtration meehanisms of, 78, 
517-518, 518/ 519/ 
in flriid balanee, 525-530 
hormones seereted by, 331? 
kidney stones (renal calculi), 

522-523 

nephrons of, 514-517, 516/ 
as retroperitoneal organ, 513 
structure of, 513-514, 515/ 
in transfrision reaetions, 350 
transplants of, 5216 
tubules of. See Renal tubules 
urine formation by, 517-519, 518 f 
veins of, 376, 377/ 514, 515/ 


Killer T eells (cytotoxic T eells), 

421, 421/423/ 424? 
delayed allergies and, 427 
HIV/AIDS and, 428-4296 
Kiloealories (kcal/Calories), 488, 

498-499 

Kinetie energy, 26, 27, 76 

in ehemieal reaetions, 27, 40? 
in diffrision, 76, 79 
Kinins, 405, 406/ 

Knee 

anterior (patellar region), 16/ 17 
muscles aeting on, 212/ 213, 

216/ 217?, 218/ 219? 
nerve supply of, 262?, 263/ 
posterior (popliteal region), 

16/ 17 

Kneeeap. See Patella 
Knee-jerk (patellar) reflex, 

238-240, 239/ 

Knee joint 

artifieial, 166-1676, 166/ 
eondyles of tibia and, 164 
movements allowed by, 197, 
198/ 213 

Knuckles, l6l, 170, 171/ 

Krebs eyele, 492-493, 492 f 
Kyphosis, 153, 154/ 175, 175/ 

Labia (lips), 466, 466/ 

Labia majora, 550/ 551, 551/ 

Labia minora, 550/ 551, 551/ 

Labor and delivery, 566-568, 566/ 
prostaglandins and, 

331 ?, 566 / 

stages of, 567, 567/ 

Laerimal apparatus, 280-281, 281/ 
Laerimal bones, 147/ 149/ 150 
Laerimal canaliculi, 280, 281/ 
Laerimal eamnele, 280/ 

Laerimal glands, 280, 281/ See also 
Tears 

age-related ehanges in, 303 
ANS innervation/effeets, 

266 / 268 ? 

faeial nerve aetivation of, 259? 
Laerimal sae, 280, 281/ 

Laetase, 479/ 

Laetation, 557 
Laeteal, 472/ 473 
Laetie aeid, 194, 194/ 

oxygen defieit and, 195 
in sweat, 121 

Lactiferous ducts, 557, 557/ 
Lactiferous sinus, 557, 557/ 

Laetose, 44, 45/ 

ehemieal digestion of, 478, 479/ 
Laermae, 93, 94/ 138, 139/ 
Lambdoid suture, 147, 147/ 
Lamellae, 94/ 138, 139/ 

Lamellar corpuscles, 114/ 117, 

234, 234/ 

Laminae of vertebrae, 153, 

154/ 155/ 

Lamina propria, 4 6ff, 95/ 97, 467 
Langerhans eells. See Dendritie eells 
Language/speech area of brain, 

242/ 243, 251 

Lanugo, 128 

Large intestine, 4, 6/ 21/ 465/ 466, 
473-474, 473/ 
arteries of, 374, 375/ 
baeteria residing in, 487 
digestive aetivities in, 477/ 
483-485, 484/ 487-488 

in hepatie portal system, 

380 , 382 / 

ileoeeeal valve and, 471, 473/ 
peristalsis and, 477, 477/ 
peritoneal attaehments and, 470/' 
small intestine in relation to, 

465/ 471 

veins of, 380, 382/ 
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Laryngopharynx, 438 f 439, 4 66/ 467 
Larynx (voiee box), 4, 6/ 93, 437 f 
438/ 439-440 

vagus nerve (X) and, 259 1 
Lateral eolrimns, 254—255 

Lateral orientation/direetion, 15 t 
Lateral rotation (movement), 198/ 
Latissimus dorsi muscles, 207, 208/ 

209, 218/ 219f 

extension movement and, 

201/ 219í 

Laughing, 448, 449/ 

LDLs (low-density lipoproteins), 

46/ 497-498 

L-dopa, 252/ 

Left lower quadrant (LLQ), 20/ 21 
Left upper quadrant (LUQ), 20/ 21 
Left ventriele of heart, 359 f 360/’ 366/' 
in systemie circuit, 360, 361/ 
vs. right ventriele, 360, 361/ 

Leg 

arteries of, 374, 375/ 
articulations of, 164 
bones of, 164, 164/ 
muscles of, 213, 214/ 216/ 217/ 
218/ 219í 

nerve supply of, 262/ 263/ 
regions of, 16, 16/ 17 
veins of, 376, 377/ 

Lens of eye, 283/ 285, 287 
ANS innervation/effeets, 

266/ 268í 
eataraets and, 287 
eiliary zonule and, 284, 285 
eranial nerve testing and, 258 1 
focusing disorders of, 290-291 /, 
290/ 

light refraetion and, 288, 

288/ 289/ 

Leptin, 331/ 498 

Let-down reflex (milk ejeetion), 

315, 328 1 

Lethal hit, 421, 422/ 

Leucine, 491/ 

Leukemia, 342 

Leukocytes. See White blood eells 
Leukocytosis, 342 
Leukopenia, 342 
Levers 

bones as, 135 
foot as, for body, 165 
LH. See Lriteinizing hormone 
Lieensed praetieal nurse (Career 
Focus), 533 b 

Life 

frmetions to sustain, 7-9 
survival needs and, 9, 12 
Ligaments, 3, 96-97 

arehes of foot and, 165 

broad, 549, 550/ 

of hand, l6l 
injury/damage to, 172 
ovarian, 549, 550/ 
periodontal, 475, 475/ 
round, 549, 550/ 
suspensory, of lens, 284, 285 
suspensory, of ovary, 549, 550/ 
of synovial joints, 112/ 169, 170/ 
riterosaeral, 549, 550/ 
Ligamentrim arteriosrim, 359/ 380 
Light (I) bands, 186/ 187, 191, 191/ 
Light energy, 26. See also Visible light 
Light/heavy ehains of antibody 
structure, 417, 418/ 

Light refraetion, 288, 288 f 
Limbie system, 246 

as emotional-viseeral brain, 

246, 301 

olfaetory pathways and, 

300-301 

Limbs 

lower. See Lower limbs 
upper. See Upper limbs 


Line (bone marking), 142/ 142/ 
Lingrial frenulum, 466, 466/ 

Lingrial tonsil, 438/ 439, 466/ 467 

taste buds and, 302/ 

Lipases, 484 

Lipid bilayer of plasma membrane, 

65 - 66 , 66 / 

diffrision and, 76-77, 77/ 

Lipid droplets in fat eells, 73/ 75, 
95/97 

Lipids, 39, 45-49, 46/ 47/ 

absorption of, 485 
ehemieal digestion of, 478, 479/ 
dietary sources of, 489 
metabolism of, 68-69, 494, 495/ 
phospholipids, 45, 48 
solubility of, 45, 76, 77/ 
Lipoproteins, 46/ 497-498 
Liposuction, 505/ 

Lips (labia), 466, 466/ 

eleft lip, 502 

muscles of, 205, 206/ 2Y7t 
Liquid matter, 26 
Lithium, 30/ 

Lithotripsy, 523 

Liver, 21/ 465/ 470/ 471/ 476, 
496-498, 497/ 

ANS innervation/effeets, 

266/ 268í 

arteries of, 374, 375/ 
bile production of, 331/ 471, 

476, 496 

in blood glrieose regrilation, 325, 

326/ 496, 497/ 

digestive frmetions of, 4, 7, 476, 
496-498, 497/ 

hepatie portal circulation and, 

380-383, 382/ 

metabolie roles of, 71, 476, 494, 
495/ 496-498, 497/ 

regeneration eapaeity of, 496 
resistin hormone and, 33 U 
seeretin hormone and, 33 lt 
veins of, 376, 377/ 

380-383, 382/ 

Liver sinrisoids, 380, 382/ 

LLQ (left lower quadrant), 20/ 21 
Lobes 

of brain, 241, 242/ 
of lungs, 441, 442/ 
of mammary glands, 557, 557/ 
of thyroid gland, 31/ 317 
Lobules 

of mammary glands, 557, 557/ 
of testes, 540 

Long bones, 135-138, 136/ 137/ 
developmental aspeets, 140, 

140/ 174, 174/ 
embryonie, 139-140, 140/ 
growth hormone effeets on, 314 
lengthwise growth and, 138, 173 
Longissinms muscle, 208/ 209 
Longitridinal arehes of foot, 165, 165/ 
Longitridinal fissure of eerebmm, 

240, 242/ 248/ 

Longitridinal layer of muscularis 

externa, 467, 468/ 469/ 

Loop of Henle, 516/ 517 
Loose eonneetive tissue, 95/ 97 
Lordosis, 153, 15 4f, 174 
Low blood pressure 

(hypotension), 387 
orthostatie, 271, 387 
Low-density lipoproteins (LDLs), 

46/ 497-498 
Lower limbs, 146/ 

anterior landmarks, 16-17, 16/ 
arteries of, 374, 375/ 
bones of, 163-165 
muscles of, 210-214 
nerves of, 262/ 263/ 
posterior landmarks, 16/17 
veins of, 376, 377/ 


LPN (lieensed praetieal nurse), 533Z 
Lumbar (spinal) tap, 250, 253 
Lumbar arteries, 374 
Lumbar curvature of spine, 152, 153/' 
Lumbar enlargement, 25 4f 
Lumbar nerve plexus, 26l/ 262/ 263/' 
Lumbar regions, 16/ 17, 21, 21/ 
Lumbar spinal nerves, 254 f 26l/ 262t 
Lumbar vertebrae, 152, 153/ 

154, 155/ 

spinal nerves of, 261/ 262 1 
Lumen 

of blood vessels, 370, 371/ 
of digestive organs, 467, 

468/ 472 f 

of uterus, 550/ 

Lunate bone, l6l/ 

Lungs, 4, 6/ 437/ 441-445, 442/ 

age-related ehanges in, 460 
ANS innervation/effeets, 266/ 

267, 268t 
arteries of, 374 
base of, 441, 442/ 

in breathing meehanies, 

445-447, 446/ 
eaneer of, 457-458 
eollapse of, 447 

intrapulmonary volume and, 

447, 447/ 

nonrespiratory air movements 

of, 448-449, 449 1 

pleura of, 110, 111/ 441, 442/ 
sormds of, 449 
srirfaetant and, 444/ 445 

thoraeie organs in relation to, 

358/ 441-444, 442/ 

Lunule of nail matrix, 123, 124/ 

LUQ (left upper quadrant), 20/ 21 
Luteinizing hormone (LH), 313, 

313/ 314, 328/ 546 
in ovarian eyele, 553, 554, 

555/ 556 

testosterone and, 546, 547/ 

Lye, 42, 43/ 

Lymph, 399-400 

eapillaries, 399-400, 400/ 
interstitial flriid and, 399, 399/ 
route of, 402 
transport/distribution of, 

400, 400/ 

Lymphatie eapillaries, 399-400, 400/ 
blood eapillaries and, 

399-400, 399/ 
laeteals and, 472/ 473 
minivalves of, 399, 399/ 400/ 
Lymphatie duct, right, 400, 401/ 
Lymphatie system, 4, 6/ 

398-403, 399/ 

age-related ehanges in, 431 
developmental aspeets of, 

429, 431 

homeostatie relationships of, 430Z 
structures of, 399/ 400-403, 

401/ 403/ 414 

Lymphatie vessels (lymphaties), 4, 

6/ 399-400 
afferent, 402, 402/ 
blood vessels in relation to, 399, 

399/ 400/ 

eolleeting vessels of, 399/ 

400, 401/ 

in digestive submucosa, 467 
disorders of, 431 
efferent, 402, 402/ 
embryonie, 429, 431 
surgical removal of, 431 
valves of, 399, 399/ 400/ 

Lymph nodes, 4, 399/,' 400-402, 402 f 
in AIDS, 428-429Z 
distribution of, 401, 401/ 
embryonie, 431 

immunocompetent lymphoeytes 

and, 412-414, 413/ 


Lymphoeytes, 401, 412 

B eells, 343 1, 412-416, 413/ 

415/ 416/ 

bone marrow and, 412, 413, 413/ 
elonal seleetion and, 

414-416, 415/ 

developmental aspeets of, 431 
differentiation and aetivation of, 

412-413, 413/ 

hemoeytoblasts as origin of, 431 
as immrme eells (overview), 404, 

404/ 

immrmoeompetenee and, 

412- 414, 413/ 

as leukocyte, 339/ 340/ 343/ 344 
lymph nodes and, 401-402, 

413- 414, 413/ 

natriral killer (NK) eells and, 

404/ 405, 4l0í 

origins of, 345-346, 345/ 412, 
413/ 431 

sensitized, 414 

spleen and, 402-403, 413 

T eells, 343/ 412-413, 413/ 

Lymphoid organs/tissues, 4, 399, 

402-403 

embryonie, 431 

lymph nodes, 400-402, 401/ 

lymphoid organs, 402-403, 403/ 

maerophages of, 414 
Lymphoid stem eells, 345-346, 345/ 

Lymphoid tissues. See Lymphoid 
organs 
Lysine, 491/ 

structure of, 49/ 

Lysis, eell 

antibodies and, 350, 419, 

419/ 420 t 

hypotonie solritions and, 84 b 
Lysosomal enzymes, 71 
Lysosomes, 69/ 70/ 71, 75, 408 
eareinogens and, 102Z> 
in endoeytosis, 80, 80/ 
of maerophages, 73/75 
in phagoeytes, 71, 408, 408/ 
mpture, eell self-digestion and, 71 

Lysozyme, 280-281, 405 
in saliva, 476 

MAC (membrane attaek 

complexes), 408-409, 409/ 
Maerophages, 73/ 75, 401 
alveolar, 444-445, 444/ 
as antigen presenters, 404, 404/ 
414, 420, 423/ 424 1 
eytokines and, 421, 421/ 
delayed allergies and, 427 
inflammatory response and, 407 
of lymph nodes, 401, 402 
monoeytes as, 343/ 344 
phagoeytosis by, 408, 408/ 421 
Maculae, 287/ 294-295, 294/ 
Magnesium, 28/ 32/ 339/ 
dietary sorirees of, 490 1 
Magnetie resonanee imaging (MRI), 
10-11/ 17, 18/ 

Magnetie resonanee speetroseopy 
(MRS), 11 Z 

Male pattern baldness, 128 
Male reproductive system, 6/ 7, 
539-548 

age-related ehanges and, 572 

anatomy of, 539-543, 541/ 542/ 
disorders of, 542, 543, 546, 569 
genitalia of, 541/ 543 
homeostatie relationships of, 573/ 
Malignant melanoma, 127, 127/ 
Malignant neoplasm, 102—103/ 
Malleolus, 164, 164/ 214/ 

Malleus (hammer) bone, 292 f 293, 
297, 298/ 

MALT (mrieosa-assoeiated lymphoid 

tissue), 403, 467 
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Maltase, 479/ 

Maltose, 44, 45/ 

ehemieal digestion of, 478, 479/ 
Mammary glands, 556-558, 557/ 
prolaetin and, 313/ 314 
Mammillary bodies, 245/ 246, 379/ 
Mammography, 558, 558/ 

Mandible, 147/ 149/ 150, 151 

chewing muscles and, 206, 206/ 

216/ 217í 
joint of, 145, 151 
Manganese, 28?, 490? 

Mantoux skin test, 427 
Manubrium, 156, 157/ 158 
Manus region, 16 / See also Hand 
MAP (morning-after pill), 5706, 

571/ 

Marginal artery, 359/ 

Marrow, bone. See Bone marrow 

Masculinization, 322 

Mass (amu) of subatomic partieles, 

27, 29, 29? 

Massage therapist (Career Focus), 

220 b 

Masseter muscles, 206, 2066 
216/ 217í 

Mass movements, 488 
Mast eells, 420?, 426, 427/ 
Mastieation. See Chewing 
Mastoiditis, 147 

Mastoid proeess, 147, 147/ 148/ 
Mastoid sinuses (air eavities), 147 
Matrix 

of bones, 138, 139/ 140-141 

extracellular, 93 
Matter, 25 

atomie structure and, 27, 29-30 
eomposition of, 27-31 
elements and, 27, 286 30-31 
energy vs., 26 

solid/liquid/gaseous states of, 26 
Maxillae (maxillary bones), 

147/-149/ 150, 150/ 439 

Maxillary bones. See Maxillae 
Maxillary sinuses, 150/ 439 
Meatus (bone marking), 142/ 142? 
Meehanieal digestion, 477, 477/ 478 
Meehanieal energy, 26, 57, 58/ 
Meehanoreeeptors, 292 
Medial orientation/direetion, 15? 
Median (midsagittal) seetion, 17, 18/ 
Median cubital vein, 376, 377/ 
as blood sample site, 376 
Median nerve, 262?, 263/ 
Mediastinum, 20, 357, 358/ 

441, 442/ 

Medieal imaging, 10-116 
Medieal transeriptionist (Career 
Focus), 1296 

Medulla oblongata, 242/ 245/ 

246, 248 

respiratory eenters of, 453, 454/ 
Medullary eavity of long bone, 

137/ 138 

Medullary pyramids, 514, 515/ 
Megakaryoeytes, 344 
Meiosis, 544-545, 544/ 545/ 
mitosis vs., 545 
in oogenesis, 552-554, 553/ 
Meissner’s corpuscle, 234, 234f 
Melanin, 115/ 116, 119 
Melanoeytes, 115/ 116 
eaneer of, 127, 127/ 
in hair follieles, 122-123, 122/ 
of stratum basale, 115/ 121 
Melanoma, malignant, 127, 127/ 
Melanosomes, 116 
Melatonin, 325, 327, 328? 

Membrane attaek complexes 

(MAC), 408-409, 409/ 

Membrane junctions, 67, 67/ 
Membranes, body. See Body 
membranes 


Membrane transport, 75-81 
aetive, 76, 78-81, 190, 236/ 

237, 485 

passive, 76-78. See also 
Diffusion; Filtration 
seleetive permeability and, 76 
vesicular, 79-81, 79/ 80/ 
Membranous labyrinth, 293-294 
Membranous urethra, 524, 541-542, 
541/ 542 f 
Memory, 242/ 243 
Memory eells in immrmity, 411, 

415, 415/ 422, 423/ 424? 
Menarehe, 569 
Ménière’s syndrome, 299 
Meningeal dura mater, 247, 

248/ 249/ 

Meninges, 247, 248/ 
of brain, 247, 248 f 
of spinal eord, 253, 254/ 255/ 
Meningitis, 247 

Menopause, 330, 552, 569, 572 
male, 572 

Menses. See menstmation 
Menstmal eyele (iiterine eyele), 

327, 554-556 

hormones of, 327, 331?, 555/ 
Menstmation, 551, 554-556 
Mental region (ehin), 16/17 
Merkel eells, 116 
Merkel dises, 116 
Mesenterie arteries, 374, 375/ 
Mesenterie ganglia, 265 
Mesenterie veins, 380, 382/ 
Mesenteries, 467, 468/ 473/ 
peritoneal attaehments, 470/ 
Mesoderm, 561/ 562 
Messenger RNA (mRNA), 56-57, 

70/ 85-87, 86/ 

Metabolie phase (interphase) of eell 
life eyele, 81, 82/ 

Metabolie rate 

age-related ehanges in, 499, 

499?, 503 

ANS innervation/effeets, 266/ 
268 ? 

basal, 499-500, 499? 

eateeholamine effeets on, 

323, 323/ 

diets and, 504 
faetors influencing, 499? 
fever and, 409 
total, 499-500 

Metabolie wastes, 75, 112, 1136 

121 , 339 / 

blood-brain barrier and, 250 

Metabolism, 9, 75, 491-502 
aerobie exercise and, 196 
age-related ehanges in, 499, 

499?, 503 

of earbohydrates, 491-493, 492 f 
493/ 495/ 

developmental aspeets of, 503 
energy balanee and, 498-502, 

499? 

of fats, 494, 495/ 
hypothalamus and, 246 
liver’s role in, 496-498, 497/ 
metabolie rate and, 498-500, 499? 
of proteins, 494, 495/ 

temperature regulation and, 
500-502, 501/ 

Metaearpal bones, l6l, l6l/ 
Metaearpophalangeal joints, 170, 171/ 
Metaphase plate, 82, 83/ 

Metaphase stage of mitosis, 82, 83/ 
Metastasis of eaneer eells, 102 b 
Metatarsal bones, 146/ 165, 165 f 
Methane, 32, 35, 36/ 

Methionine, 491/ 

Microcirculation, 373 
Mierofilaments, 71, 72/ See also 
Myofilaments 


Mieroglia, 229, 229/ 

Mieroseopie anatomy, 2 
Microtubules, 68, 69/,' 71, 72/ 82, 83/ 
Mierovilli, 67/72 

of small intestine, 472, 472/ 
Micturition (voiding), 268?, 324, 

524-525, 535 

Midbrain, 241/ 245/ 246, 248 

Middle ear (tympanie eavity), 22, 

292 / 293 

Middle nasal eoneha, 149/ 150 
Midsagittal (median) seetion, 17, 186 
Migration inliibiting faetor (MIF), 424? 
Milia, 128 

Milk/baby teeth, 474, 475/ 

Milk ejeetion (let-down reflex), oxy- 
toein and, 315, 328? 

Milk production, prolaetin and, 314 
Milk sugars. See Laetose 
Mineraloeortieoids, 320-321, 321/ 

322 / 329 ? 

humoral stinmli and, 321, 322/ 
in stress response, 323-324, 

323/ 

water/electrolyte balanee and, 

321 , 322 / 

Minerals, 4, 135, 491 
Minipill, 570 b, 571/ 

Minivalves, 399/ 400/ 

Misearriage, 571 b 
Mitoehondria, 68 , 69/ 

in aerobie respiration, 193-194, 
194 

Krebs eyele and, 492-493, 492 f 
of sperm, 545, 546/ 

Mitosis, 81-83, 83/ 104 
eleavage and, 560/ 561 
meiosis vs., 545 
Mitotie spindle, 71, 82, 83/ 

Mitral heart valve, 360/ 361-363, 

362 / 

Mittelsehmerz, 553 
Mixed nerves, 257 
M line, 186/ 187 
Molars (teeth), 474-475, 475 f 

Mole (eoneentration unit), 42 
Molecular formula, 32 

Molecules, 2, 3/ 31-33, 33/ 

eompormds vs., 32, 33/ 

eovalent, 34-37, 35, 36/ 
monomers and, 43, 44/ 
nonpolar, 35, 37/ 
polar, 35, 37, 37/ 
polymers and, 43, 446 
water. See Water 
Moles, 116 

Molybdenum (Mo), 28? 

Monoelonal antibodies, 103 b, 417 
Monoeytes, 96/ 339/ 343?, 344 

inflammatory response and, 

406/ 407 

Monomers, 43, 446 93, 418, 418/ 
Monosaeeharides, 44, 45/ 
absorption of, 479/ 
ehemieal digestion of, 478, 479/ 
Monosodium glutamate, 301 
Monounsaturated fat, 48, 48/ 

Mons pubis, 550/ 551, 551/ 
Morning-after pill, 570 b, 571/ 
Morning siekness, 565 
Mornla, 560/ 561 
Motor (efferent) division of PNS, 
227/ 228 

autonomic, 264, 265/ 
somatie, 264, 265/ 

Motor (efferent) nerves, 257 
Motor (efferent) neurons, 231/ 

233/ 234 

in nrnsele eontraetion, 188-191, 

188/-191/ 

myelinated axons of, 1896 230, 
231/ 232 

in reflex ares, 238-240, 239/ 


Motor (efferent) pathways/tracts, 

255, 256/ 

eortieospinal traet and, 241 
of somatie vs. aritonomie 
nervous systems, 264 
Motor aphasia, 251 
Motor area of eerebral cortex, 241, 
242/ 243/ 

Motor homunculus, 24l, 243/ 

Motor output, 227, 227/ 

Motor units, 188, 188/ 

Mouth (oral eavity), 4, 6/ 16/ 17, 

21 , 437/ 465/ 466-467, 466/ 
digestion in, 477/ 479/ 480 
disorders of, 466-467 

mucous membranes of, 110, 

111 / 466 

nmseles of, 205, 206, 206/ 

216/ 217? 

swallowing and, 480-481, 481/ 
taste buds of, 301-302, 302/ 
Movement (body), 3, 4, 7 
allowed by joints, 165, 167 
cerebellum’s role in, 247 
developmental aspeets, 215 
disorders of, 245, 252-253b 
five golden mles of, 197, 197? 
nmseles and, 4, 7, 97, 99, 181, 
183, 185 

of newborns, 215 

reflexive vs. volrmtary, 99, 183 

types of, 197-200, 198-199/ 

volrmtary vs. reflexive, 99, 183 
Movement (cellular), 71, 72/ 75 
MRI. See Magnetie resonanee imaging 
mRNA. See Messenger RNA 
MRS. See Magnetie resonanee 
speetroseopy 
MS. See Multiple selerosis 
Mucosa-associated lymphoid tissue 

(MALT), 403, 467 

Mucosae. See Mucous membranes 
Mucous membranes (nmeosae), 89, 

97, 109, 110, 111/ 467 

areolar eonneetive tissue and, 95/ 
of digestive traet, 467, 468/ 
as first line of defense, 4046 405, 
410? 

IgA antibodies and, 418, 420? 
nasal/respiratory, 437-439 
as proteetive barrier, 100, 4046 

405, 470 

regenerative abilities of, 101 

respiratory/nasal, 437-439 
of stomaeh, 468, 469/ 470 
traeheal, 440, 441/ 

Mucous neek eells, 469/ 470 
Mucus 

abnormal breathing and, 449 
digestive traet and, 477/ 
exocytosis and, 79-80, 79/ 
goblet eells and, 92, 474 
Golgi apparatris and, 70/ 71 
respiratory traet and, 72 

rhinitis and, 439 
stomaeh and, 469/ 470, 482 
water as solvent for, 40 
Multiaxial synovial joints, 168 f 
171, 171/ 

Multinucleate eells, 83, 182/ 182?, 

185, 186/ 

Multipennate faseiele arrangement, 

203, 203/ 

Multiple selerosis (MS), 11 b, 

232, 426 

Multipolar neurons, 235, 235 f 
Mumps, 476 

Muscle eells. See Muscle fibers 
Muscle eontraetion, 4, 26, 28?, 

187-196 

all-or-none law, 190, 191 
in eardiae/skeletal/smooth, 
eompared, 182? 
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Muscle eontraetion ( eontirmed ) 
energy sources for, 193-194, 194/' 
graded responses of, 191-193, 

193/ 

insertion/origin sites and, 

197, 197/ 

meehanism of, 191, 191/ 192/ 
oxygen defieit and, 195 

of single muscle fiber, 187-191, 
189/ 191/ 

sliding filament theory of, 

191, 192/ 

summation and, 192, 194/ 

tetanie, 192-193, 193/ 

types of, 195 

of whole muscle, 191-196 
Muscle fatigue, 195 
Muscle fibers, 98/ 99, 182?, 183 
eardiae. See Cardiac muscle 
skeletal. See Skeletal muscle fibers 
smooth. See Smooth muscle 
Muscles 

exercise and, 196, 196/ 215 
major, of body, 209-214, 216/ 
217/ 218/ 219/ 

movements of, 196-200 
performanee-enhaneing steroids 

and, 204-2056 
soreness and, 194 
Muscle tension, 195 
Muscle tissue, 2, 3/ 87, 97-99, 98/ 
181-185 

age-related ehanges in, 104 

atrophy and, 104, 195 

blood supply, exercise and, 196 

eardiae, 98/ 99, 184-185, 184/ 
nerve damage and, 104, 195 
skeletal. See Skeletal muscle tissue 

smooth, 3/ 98 f 99, 184, 184/ 

summary of major frmetions, 100/' 

types of, 181-185, 182/ 182/ 
Muscle tone, 195, 466 
Muscle twitches, 192-193, 193/ 
Muscular dystrophy, 215 
Muscularis externa, 468, 469/ 472/ 
473/ 474 

Muscular pump, 368, 369/ 

Muscular system, 4, 5/ 99, 181-225 
age-related ehanges in, 215 
developmental aspeets of, 

214-215 

frmetions of, 4, 5/ 181 
homeostatie relationships of, 2216 
major mriseles of body, 204-219 
summary tables/body views, 

216/ 217/, 218/ 219/ 
Musculocutaneous nerve, 262/, 263/ 
Mritations, DNA, 102-1036, 103/ 
Myasthenia gravis, 215, 426 
Myelin, 230, 232 
Myelinated fiber traets, 233, 271 
of spinal eord, 254, 255/ 256/ 
Myelin sheaths, 229 f 230-233, 

231/ 232/ 

in CNS, 229/ 230, 232 
of nerves, 247/ 

nerve transmission and, 230, 237 
oligodendroeytes and, 229/ 230, 
232 

Schwann eells and, 229/ 230, 
231/ 232, 232/ 

Myeloid stem eells, 345-346, 345/ 
Myeloid tissue, 344-345 
Myenterie nerve plexus, 467, 468/ 
Myoeardial infaretion, 363, 3676, 
3896 

Myoeardimn, 357, 359/ 36C f 363 
Myofibrils, 186/ 187 
Myofilaments, 183, 186/ 187, 

191, 192/ 

Myometririm, 550/ 551 
Myopia, 290-2916, 290/ 

Myosin, 71, 187 


Myosin filaments, 186/ 187, 191, 
191/ 192/ 

Myosin heads, 186/ 187, 191, 

191/ 192/ 

MyPyramid USDA, 489, 489/ 
Myringotomy, 293 
Myxedema, 318 

Nails, 123, 124/ 

Nares (nostrils), 281/ 437, 437/ 
Nasal apertrires, 438/ 439 
Nasal bones, 147/ 149 f 151 
Nasal eavity, 4, 6/ 22, 437, 437/ 
laerimal seeretions, 280-281 

mucosa of, 72, 110, 111/ 437—439 
sinrises of, 150, 150/ 439/ 
smell reeeptors, 300, 300/ 

Nasal eonehae, 149/ 150, 151, 
438-439, 438/ 

Nasal mucosa, 72, 110, 111/ 437-439 
Nasal region, 16/ 17 
Nasal septum, 437 
Nasolaerimal ducts, 280, 281/ 439 
Nasopharynx, 438 f, 439, 467 
Natural killer (NK) eells, 404/ 

405, 410? 

Navel (umbilical) region, 16/17 
Navel (umbilicus), 21 
Nearsightedness, 290-2916, 290/ 
Neek (eervieal region), 16, 16/ 
arteries, 374, 375/ 379-380 
hyoid bone and, 151 
muscles of, 205, 206-207, 206/ 

216/ 217?, 218/ 219? 
nerve supply of, 262? 
rotation of head and, 198/ 

200, 217? 

veins of, 376, 377/ 

vertebral eohmin and, 152, 153/ 

154, 155/ 

Neek 

of femur, 163, 164/ 
of humerus (anatomieal/srirgieal), 
158, 160/ 

of tooth, 475, 475/ 

Negative feedbaek meehanisms, 12, 

13, 13/ 

blood glucose, 324—325, 32(/ 328? 
calcium levels, 319, 320/ 

328 ?, 329? 

hormones and, 310-312, 

311/ 313 

Neoplasms (trimors), 102—1036, 104 
hyperplasia vs., 104 
of skin, 126-127, 127/ 

T lymphoeytes and, 343? 
Nephrons, 514, 51 6/ 517 
arterioles of, 515/ 51 6/ 517 
eapillary beds of, 516/ 517 
eortieal, 516/ 517 
juxtamedullary, 516/ 517 
tubules. See Renal tubules 
Nerve eells (neurons), 99- See also 
Neurons 

Nerve fibers (neuron proeesses) 
as axons, 188. See also Axons 
in CNS, 233. See also Traets 
as dendrites, 230. See also 
Dendrites 

in motor rmits, 188-191, 188-191/ 

of oligodendroeytes, 229/ 230 
in PNS, 233, 257/ See also Nerves 
Nerve growth faetor, 52? 

Nerve impulse (aetion potential), 4, 

26, 190, 236/ 237 

eleetroehemieal events in, 

237-238, 238/ 245 

in muscle eontraetion, 188-191, 

18 9/ 

physiology of, 235-240, 236/ 
Nerve plexuses, 261, 261/ 
intrinsie, 467, 468/ 
spinal, 261-264, 262? 


Nerves, 4, 5/ 228, 233, 256-257, 
257/ 

in aseending/deseending path- 
ways, 256/ 

bone openings for, 142/ 142? 
eonneetive tissue sheaths of, 

256, 257/ 

eranial, 257, 258-259?, 260/ 
mixed, 257 
motor (efferent), 257 
nervous tissue of, 99/ 100/ 
sensory (afferent), 257 
spinal, 257, 261-264, 26l/ 262? 
Nervoris system, 4, 5/ 12, 226-278 
age-related ehanges in, 271, 273 
aritonomie, 227/ 228, 264-269 
eentral, 4, 227-228, 227/ 

245-255 

developmental aspeets of, 269, 

271, 273 

homeostasis and, 12-13 
homeostatie relationships of, 2726 
involrmtary, 227/ 228, 264 
nerves of. See Nerves 
neurons of. See Neurons 
organizational flowchart, 

227- 228, 227/ 
parasympathetie, 227/ 228, 

264-269 

peripheral, 227-228, 

227/ 255-264 
reflexes. Tee Reflexes 
responsiveness of, 8, 75, 99, 187, 
227, 227/ 235-238 
somatie, 227/ 228, 264, 265/ 
sympathetie, 227/ 228, 

264-269, 271 

testing of, 270-2716 
vohmtary, 227/ 228, 264, 265/ 
Nervous tissue, 2, 87, 99-100, 228-240 
nerves of. See Nerves 
nerirons of. See Nerirons 
regenerative abilities of, 101 
summary, 100/ 
sripporting eells of, 99/ 100, 

228- 230 

Neural layer of retina, 284-285, 284/' 
Neural tube, 240 
Neurilemma, 232, 232/ 

Neurofibrils, 230, 231/ 

Neuroglia, 99/ 100, 228-230, 229/ 
Neuromuscular jrmetions, 188, 189/ 
Neurons (nerve eells), 8, 75, 99, 
230-240 

anatomy of, 99-100, 99/ 

230-233, 231/ 

eell body. See Cell body 
of neurons 

elasses of, 233-235, 233/ 235/ 

eondrietivity of, 99, 235, 

237-238, 238/ 
fibers of. See Nerve fibers 
muscle eontraetion and, 

188-191, 188/-191/' 

nerve imprilse and, 235-238, 

236/ 238/ 

proeesses of. See Nerve fibers 
reflexes and, 238-240, 239/ 
regenerative ability of, 232 
sripporting eells of, 99/ 100, 
228-230 

terminology related to, 232-233 
Neurophysiology, study of, 2 
Neurotransmitters, 188, 230, 
237-238, 238/ 

of autonomic nervoris system, 

264, 265/ 267 

at neuromuscular jrmetions, 

188, 189/ 

at synapses, 235, 237-238, 238/ 
Neritral fats. See Triglyeerides 
Neritralization, by antibodies, 418, 

419, 419/ 


Neritralization (ehemieal reaetion), 42 
Neritral solutions, 42, 43/ 

Neutrons, 27, 29, 29?, 30-31, 31/ 
Neritrophils, 96/ 339/ 340/ 343?, 
344, 424? 

inflammatory response and, 405, 

406/ 407 

phagoeytosis by, 408 
Newborns 

developmental aspeets of, 128 
skull of, 151-152, 151/ 

spine of, 152-153, 153/ 

Nieotine, 250, 386/ 387 
Night blindness, 285 
Nipple, 557, 557/ 

Nissl bodies, 230, 231/ 

Nitrogen, 28?, 32?, 49, 53 
Nitrogenous waste products, 7, 8/ 

9, 512, 518-519, 521 

NK (natriral killer) eells, 404/ 

405, 410? 

Nocturia, 535 

Nodal system of heart, 364—365, 364 f 
Nodes of Ranvier, 231/ 232 
Nonaxial synovial joints, 170, 171/ 
Nonpolar molecules, 35, 37/ 
Nonself antigens, 411-412 
Nonspeeifie defense system, 404. 

See also Innate body defenses 
Noradrenaline. See Norepinephrine 
Norepinephrine, 265/ 323-324, 323/ 
adrenergie fibers and, 267 
neural stimuli and, 311/ 312 
as nerirotransmitter, 323 
parasympathetie/ sympathetie 
effeets, 268? 

Nose (nasal region), 1 6f 17, 437-439, 
438 f. See also ander Nasal 
Nosebleeds, 437 

Nostrils (nares), 281/ 437, 437/,' 438/' 
Noteh (bone marking), 142/ 142? 
Nuclear envelope/membrane, 64, 

65/ 69/ 82, 83/ 

Nuclear medieine, 10-116, 11/ 
Nuclear pores, 64, 65/ 

Nucleases, 484 
Nuclei, 232, 246 

basal. See Basal nuclei 

Nucleic aeids, 28?, 39, 53, 54/ 56-57 
digestion of, 484 

Nucleoli/nucleolus, 64-65, 65/ 69/ 
82, 83/ 

Nucleoplasm, 64, 75 
Nucleotides, 53, 54/ 81, 82/ 
eomplementary bases and, 5 df, 
56 , 81, 82/ 

DNA triplets and, 85 
Nucleus (atomie), 29, 29?, 30 
Nucleus (eell), 64-65, 65/ 69/ 73/ 
DNA of, 56, 64 
mitosis and, 81-83, 83/ 

RNA and, 56 

Nritrients, 4, 8/ 9- See also Food 
eapillary exchanges, 116, 

390-391, 390/ 391/ 
dietary sources of, 489-491, 490? 

digestion/absorption of 

(summary), 478, 479/ 
major/minor, 489 
storage in adipose tissue, 113 
water as, 489 
Nritrition, 4, 12, 489-491 

age-related ehanges in, 503 
basie food groups, 490? 
essential amino aeids, 490, 491/ 
food guide pyramid, 489, 489/ 
minerals, 490?, 491 
vitamins, 490-491, 490? 

OA (osteoarthritis), 172, 175 
Obesity, 12, 390, 503, 504-5056 
Oblique layer of muscularis 

externa, 468, 469/ 



Oblique muscles (abdominal), 207/ 

208, 216/ 217í 

Oblique muscles of eye, 281, 282, 

282/ 289, 291 

eranial nerves serving, 258?, 260/ 
Obturator foramen, 162/ 163 
Obturator nerve, 262?, 263/ 

Oeeipital bone, 147, 147/ 148/ 149 

trapezius muscle and, 208/ 209 
Oeeipital eondyles, 148/ 149, 154 
Oeeipitalis muscle, 205, 206/ 218/ 
Oeeipital lobe of eerebmm, 241, 

242/ 245/ 248/ 379/ 

Oeeipital region, 16/ 17 
Oculomotor nerve (III), 149, 149/ 
258 ?, 260/ 282/ 

Odor reeeptors, 300-302 
Oil glands. See Sebaceous glands 
Oleeranal region, 16/ 17 
Oleeranon fossa, 158, 160/ 
Olfaetory area of eerebral cortex, 
241, 242/ 258? 

Olfaetory auras, 301 
Olfaetory filaments, 300-301, 300/ 
Olfaetory hairs, 300-301, 300/ 
Olfaetory nerve (I), 150, 257, 

258 ?, 260 / 

smell sense and, 300-301, 301/ 
Olfaetory reeeptors, 300-301, 

300 / 437 

Oligodendroeytes, 229 f 230, 232 
Oliguria, 518 

Omega-3 fatty aeids, 48 
Omentrim of stomaeh, 468, 469 f 470/ 
Oneogenes, 102 b, 103/ 

Ooeytes, 75, 77, 548-549, 548/ 

552 , 553/ 560/ 

Oogenesis, 552-554, 553/ 

Oogonia, 552 

Open (eompormd) fraetrires, 144 
Open reduction of fraetrires, 144 
Ophthalmia neonatomm, 303 
Ophthalmoseope exam, 258?, 
287-288 

Opposition (movement), 199/ 200 
Opsin, 286 b 
Opsonization, 409 
Optie eanal, 148/ 149, 149/ 

Optie ehiasma, 245/ 258?, 289, 

289/ 379/ 

Optie dise (blind spot), 283/ 

285, 287/ 

Optie nerve (II), 257, 258?, 260/ 
extrinsic eye nmseles and, 282/ 

optie eanal and, 148/j 149, 149/ 

photoreeeptor eells and, 

284-285, 284/ 

vision area of eerebral cortex, 
241, 242/ 258?, 260/ 
visual pathway to brain, 258?, 

288-289, 289/ 

Optie radiation, 289, 289/ 

Optie traets, 258?, 289, 289/ 

Oral eavity, 16/ 17. See also Mouth 
Oral eavity proper, 466 
Orbierilaris oculi muscle, 202, 203/ 
205, 206 / 216/ 217? 

Orbicularis oris muscle, 202, 203/ 

205, 206 , 206/ 216/ 217? 
Orbital eavities. 5cc Orbits 
Orbital fissrires, 149, 149/ 

Orbital model of atom, 29, 29/ 
Orbital region, 16/ 17 
Orbits (eye soekets), 22 

bones forming, 145, 14 /f 149, 
149/ 150 

Orehiditis, 569 
Organ, 2, 3/ 

Organelles, 68 . also 

Cytoplasmic organelles 
Organie eompormds, 39 
earbohydrates, 39, 43-45 
lipids, 39, 45-49, 46?, 47/ 
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nucleic aeids, 39, 53, 54/ 56-57 
proteins, 39, 49-53 
Organism, 2-3, 3/ 

Organismal level, 2, 3/ 

Organ level, 2, 3/ 

Organ system level, 2, 3/ 
interrelationship among, 8/ 
overview of, 3-7, 5-6/ 

Organ transplantation, 422, 425 
Orientation terms, 14, 15? 

Origin (muscle attaehment site), 

197, 197/ 

Oropharynx, 438/ 439, 466/ 467 
digestive aetivities in, 477, 477/ 
Orthostatie hypotension, 271, 387 
Osmoreeeptors, 526, 527/ 

Osmosis, 77, 77/ 

Osmotie balanee, eleetrolytes 
and, 339/ 

Osmotie pressure 

eapillary beds and, 391, 391/ 399 
in intravenous (IV) therapy, 84 b 
Ossa coxae. See Coxal bones 
Osseoris (bony) labyrinth of inner 
ear, 292/ 293-294 
Osseoris tissue, 93, 94/ See also 
Bone; Bones 

Ossieles, ariditory, 292/ 293 
Ossifieation, 140, 140/ 

Ossifieation eenters, 140/ 173, 174/ 
Osteoarthritis (OA), 172, 175 
Osteoblasts, 140, 144 
Osteoehondral grafting, 167 b 
Osteoelasts, 141, 144, 319, 320/ 
Osteoeytes (bone eells), 93, 94 f 

138 , 139/ 

Osteon (Haversian system), 138, 139/ 

Osteoporosis, 174-175, 175/ 

Otitis media, 293, 304, 439 

conduction deafness and, 298 
Otolithie membrane, 294, 294/* 
Otoliths, 294, 294/ 

Otoselerosis, 298, 304 
Oval window, 292 f 293, 297, 

298 / 299/ 

Ovarian arteries, 374 
Ovarian eyele, 552-554, 553/ 
Ovarian follieles, 548-549, 548/ 
in oogenesis, 552-553, 553/ 
Ovarian ligaments, 549, 550/ 
Ovaries, 6/ 7, 312/ 327, 327, 539, 
548-549, 548/ 550/ 
hormones seereted by, 327, 329?, 
556 

hormones stimrilating, 313/ 314 
Overweight, 504 b 
Ovulation, 548/ 549, 554 f 560/ 
Ovum/ova (egg), 7, 539, 554 
fertilized (zygote), 560 
oogenesis and, 552, 553/ 
Oxidases, 53, 71 

Oxidative phosphorylation, 

193-194, 194/ 492/ 493 
Oxygen, 9, 28/ 32?, 34, 34/ 
in breathing, 445-447, 453-455, 
454 / 

in cellular respiration, 193-194, 

194/ 445, 492-493, 492/ 

defieit, 195 

diffrision and, 76-77, 77/ 

390-391, 390/ 

formation of, 35, 36/ 
free radieals and, 71 
in gas exchanges. See Gas 
exchanges 
molecular, 71 

in muscle eontraetion, 193-194, 

194/ 

in pulmonary/systemic eireriits, 

360 , 361/ 450 

transport. See Oxygen transport 
Oxygen transport, 4, 8/ 9 

hemoglobin’s role in, 341, 346/ 


impaired, 451 

red blood eells and, 73, 338, 
339/ 340-342, 343?, 346/ 
445, 450, 451, 451/ 
Oxyhemoglobin, 450, 451/ 
Oxytocin, 315, 315/ 328? 

P16/P53 tumor suppressor gene, 

102 b 

Paeemaker (SA node) of heart, 

364/ 365 

Pain 

of angina peetoris, 363 
aseending sensory traets 

and, 245/ 

faeial, 258? 

hypothalamus and, 246 
inflammatory response and, 405 
lower baek, 209 
prostaglandins and, 331? 
reeeptors for, 3, 113, 113?, 116, 

233-234, 234/ 405 

somatie sensory area of eerebral 
cortex and, 241 

Palate, 439 
eleft, 439 

hard/soft, 438/ 439, 466, 466/ 
Palatine bones, 148 f 150 
Palatine proeesses, 148/ 150 
Palatine tonsils, 302/ 438/ 439, 
466/ 467 

Palm of hand 

metaearpal bones of, l6l, l6l/ 
thiek skin of, 115, 116 
Palpebral fissure of eye, 280, 280/ 
Panereas, 92, 312/ 324-325, 325/ 
329?, 476 

ANS innervation/effeets, 

266 / 268 ? 

eholeeystokinin and, 331? 

digestive functions of, 7, 465/ 
471/ 476 

endoerine functions of, 4, 5/ 

324-325, 325/ 329?, 476 
enzymes of, 476, 479/ 483 

peritoneal attaehments and, 470/ 
seeretin hormone and, 331? 
Panereatie ducts, 471, 471/ 
Panereatie islets, 324-325, 325/ 329? 
Panereatie juice, 471, 472, 483-484, 
484/ 485? 

eholeeystokinin and, 331?, 

484, 484/ 

Pannus, 172 

Papillae of tongue, 301, 302/ 467 
Papillary layer of dermis, 114 f 

116, 117/ 

Pap smear, 551 

Parafollicular eells of thyroid gland, 
317, 317/ 

ealeitonin prodrieed by, 319 
Parallel faseiele arrangement, 

203, 203/ 

Paralysis 

of deltoid muscle, 262? 
flaeeid, 254 
paraplegie, 255 
quadriplegic, 255 
respiratory, 262? 
spastie, 255 

Paranasal sinrises, 150, 150/ 439 
Paraplegies, 255 
Parasagittal seetion, 17, 18/ 
Parasympathetie division of ANS, 
227/ 228, 264, 266 / 
digestive reflexes and, 480 
physiology of, 265/ 266, 

268 ?, 269 

vagus nerve (X) and, 259? 
Parathormone. See Parathyroid 
hormone 

Parathyroid glands, 4, 5/ 312/ 319 
hormones of, 319, 320/ 329? 


humoral stimuli and, 311-312, 

311/ 

Parathyroid hormone (PTH), 

319, 320 / 

blood calcium levels and, 

140-141, 311-312, 311/ 

319, 320/ 329? 

Parietal bones, 145, 147, 147/ 

148 f 149/ 

Parietal eells, 469/ 470 

Parietal layer of serous membranes, 

110 , 111 / 

Parietal layer of serous perieardirim, 

357, 359/ 

Parietal lobe of eerebmm, 241, 242/ 
Parietal peritoneum, 111 f 467, 

468/ 470/ 

Parietal pleura, 111/ 358/ 441, 442/ 
Parieto-oeeipital sulcus, 242/ 
Parkinson’s disease, 252-253 b 
basal nuclei and, 245 
Parotid glands, 465/ 476 
Partial-thiekness burns, 124, 125/ 
Partieles, subatomic, 27, 29, 29?, 40? 
Passive immrmity 

artifieial, 4l6/ 417 
memory eells in, 411, 415, 415/ 
422, 423/ 424? 
natrirally acquired, 4l6, 4l6C 
417, 418, 420? 

Passive membrane transport meeha- 
nisms, 76-78, 76/ 77/ 

Patella, 136, 146/ 164, 164, 212/ 
Patellar (knee-jerk) reflex, 238-240, 

239/ 

Patellar ligament, 164, 212/ 

Patellar region, 16/ 17 
Patellar srirfaee of femur, 164, 164/ 
Patent airway, 440 
Pathogens, 404 

body defenses and, 403-429, 
404/ 

Pathologie fraetrires, 175 

PCT (proximal eonvolrited tubule), 

516/ 517 

Peetoral girdle, 146/ 158, 159/ 
Peetoralis major muscle, 201/ 207, 
207/ 209, 216/ 217? 

faseiele pattern of, 202, 203/ 
Peetoralis minor mrisele, 216/ 

Pedal region, 16/ 17. See also Foot 
Pedieles of vertebrae, 153, 154/ 155/ 
Pelvie brim, 162/ 

Pelvie eavity, 20, 20/ 

Pelvie girdle 

bony pelvis vs., l6l 

hip bones forming, 21, 21/ 146/ 

161-163, 162/ 

saemm of, 156, 156/ 

Pelvie inflammatory disease 

(PID), 549 

Pelvie inlet, 162/ 163 
Pelvie outlet, 163 
Pelvie region, 16/ 17 
Pelvie splanehnie nerves, 264, 266/ 
urinary bladder eontraetions 

and, 524 
Pelvis, 17, l6l 

coccyx of, 156, 156f 
coxal bones of, 161-163, 162/ 
in females vs. males, 162/ 163 
large intestine as part of, 474 
muscles of, 216/ 
parasympathetie nerves of, 264 
saemm of, 156, 156/ 

Penieillin reaetions, 412, 426 
Penis, 6/ 7, 524, 543 

ANS innervation/effeets, 2 66f, 268? 
Pennate faseiele arrangement, 

203, 203/ 

Pentamers, 418 
Pepsin, 51, 469/ 482 

in protein digestion, 479/ 
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Pepsinogen, 469/ 470, 482 
Peptie ulcers, 486-4876, 487/ 
Perforated ulcer, 4866 
Perforating eanals, 138, 139/ 
Perforating fibers, 137/ 138 
Perforin, 405, 421, 422/ 425? 
Perieardial eavity, 359/ 441, 442/ 
Perieardial membranes, 442/ 
Periearditis, 357 

Pericardium, 110, 357, 358/ 359/ 
fibrous, 357, 359/ 
parietal layer, 111/ 359/ 
serous, 357, 359/ 
viseeral layer, 111/ 359/ 
Perilymph, 293-294, 297, 299/ 
Perimetrium, 550/ 551 
Perimysium, 182/ 182?, 183, 183/ 
Perineum, 552 
Perineurium, 256, 257/ 

Periodie table, 27 
Periodontal ligament, 1696 

475, 475/ 

Periosteal dura mater, 247, 

248/ 249/ 

Periosteum, 137/ 138, 248/ 
Peripheral nervoris system (PNS), 
227/ 228, 255-264 
eranial nerves of, 257-260, 

258-2596 260/ 

ganglia of, 255-256 
spinal nerves of, 254, 257, 
261-264, 261/ 262? 
Peripheral resistanee, 385 

blood pressure and, 385-387, 

386 f 

Perirenal fat capsule, 514 
Peristalsis, 99, 467, 477, 477/ 478/ 
481, 487 

age-related ehanges in, 503 
in infants, 503 
ovum and, 549 
segmentation vs., 478/ 
sperm and, 545 
in urine transport, 522 
Peritoneal attaehments, 467, 470/ 
Peritoneal eavity, 470/ 

Peritonerim, 110, 467 
infeetion of, 467 
parietal, 111/ 467, 468/ 
stomaeh omenta and, 468 
viseeral, 111/ 467, 468/ 
Peritonitis, 467, 4866 
Peritubular eapillaries, 515/ 51 6f, 517 
Permanent teeth, 474, 475/ 
Pernicious anemia, 3416 352 
Peroxisomes, 69/ 71 
eareinogens and, 1026 
free radieals and, 71 
Perspiration, 3, 1136 268t 
Pestieides, detoxification of, 69 
PET (positron emission 

tomography), 106, 11/ 
Peteehiae, 348 
PET seans, 2716 

Peyer’s patehes, 403, 4036 473 
PH, 286 42, 43/ 

Phagoeytes, 75, 408, 4086 

in body defenses, 404/ 405, 407, 
408, 4l0í 

maerophages as, 75 
mieroglia as, 229, 229/ 
monoeytes as, 343? 
neritrophils as, 3436 344 
of skin, 1136 H7 

tissue repair and, 101 
Phagoeytosis, 80, 80/ 408, 408/ 
antibodies and, 419/ 
inflammatory response and, 407 
Phagolysosomes, 408, 408/ 
Phagosomes, 408, 408/ 

Phalanges 

fingers, 146/ l6l, l6l/ 
toes, 146/ 165, 165/ 


Pharmaey teehnieian (Career 
Focus), 556 

Pharyngeal-esophageal phase of 
swallowing, 481-482, 481/ 
Pharyngeal tonsil, 438/ 439 
Pharyngotympanie tubes, 292/ 293, 

438/ 439 

Pharynx, 2596 439, 467 

as digestive organ, 465/ 466, 

467, 477 

as respiratory organ, 4, 6/ 437/ 

438/ 439 

Phenylalanine, 491/ 503 
Phenylketonriria (PKU), 503 
Phimosis, 568 

Phlebotomy teehnieian (Career 
Focus), 3496 

Phosphate group of nucleotides, 53, 
54/81 

in ATP structure, 56/ 57 
Phospholipids, 46t, 47/ 48 

of plasma membrane, 

65 - 66 , 65 / 

Phosphoms, 286 326 53, 56/ 

57, 57/ 

dietary sources of, 490 1 
Phosphoms salts, 41 
Phosphorylation 

direet, 193, 194/ 
oxidative, 193-194, 1946 

492/ 493 

in sodium-potassium pump, 78/ 

substrate-level, 492/ 493 
Photopripillary reflex, 238, 240, 

2586 291 

Photoreeeptors, 284-285, 2846 
285/ 2866 

Phrenie nerve, 262t, 453, 454/ 

Physieal therapy assistant (Career 
Focus), 2966 

Physiologieal aeidosis, 530 
Physiologie jarmdiee, 352 
Physiology, 2 
Pia mater 

of brain, 247, 248/ 
of spinal eord, 253, 255/ 

PID (pelvie inflammatory disease), 

549 

Pig heart valves, 422 
Pigmented layer of retina, 

284, 284/ 

Pigments, 119, 122-123 
Pineal gland, 4, 5/ 245/ 246, 312/ 
325, 327, 328? 

Pinkeye, 280 

Pinna of external ear, 292/ 

293, 298 / 

Pinoeytosis, 80-81, 80/ 

Pisiform bone, l6l/ 

Pitriitary dwarfism, 314, 314/ 
Pitriitary gland, 4, 5/ 245/ 246, 

246/ 312-317, 312/ 
aldosterone release and, 322/ 
anterior lobe hormones, 

313-315, 313/ 322/ 328 1 

hormonal stinmli and, 311, 311/ 
hypothalamic-pituitary relation- 

ship, 246, 312, 315, 315/ 

posterior lobe hormones, 315, 

315/ 317, 328? 

Pivot joints, 169?, 170, 171/ 
of eervieal vertebrae, 154, 170 
PKU (phenylketonriria), 503 
Plaeenta, 330, 562, 562/ 
afterbirth and, 568 
in fetal circulation, 380, 381/ 
hormones produced by, 

330, 562 

Plaeental barrier, 418, 420? 

Plaeental stage of labor, 568 
Plane (body), 17, 18 f 
Plane joints, 169?, 170, 171/ 
Planetary model of atom, 29, 29/ 


Plantar braneh of tibial nerve, 

262 ?, 263 / 

Plantar flexion (movement), 199/ 

200, 213, 217?, 219? 

Plantar region, 16/ 17 
Plaques 

atheroselerotie, 388-3896 
eomplieated, 3896 
fibrous, 388-3896 
senile, in Alzheimer’s disease, 
2526 

Plasma, 97, 338, 339/ 

blood eells in relation to, 

96/97 

as extracellular fluid, 525, 525/ 
interstitial flriid and, 526, 526/ 
kidney filtration and, 517, 518/ 

519/ 520 

Plasma eells, 402, 4l4 

as antibody “faetories”, 415, 

415/ 423/ 424? 

Plasma membrane, 64, 65-67, 

65/ 69/ 

aquaporins of, 77, 77/ 
fluid mosaie model of, 65-66, 
66 / 

hormone produced by by, 331? 
interstitial flnid and, 75-76 
intracellular flriid and, 75 

jrmetions of, 67, 67/ 

lipid bilayer of, 65-66, 66/ 

76-77, 77/ 

passage across/through. See 
Membrane transport 
seleetive permeability of, 76 
Platelet plug formation, 346-347, 
347/ 

Platelets, 338, 339/ 340/ 343?, 344 
blood elotting and, 339/ 343?, 
344, 346-348, 347/ 
formation of, 345-346, 345/ 
Platysma muscle, 206, 206/ 

216/ 217? 

Pleasure eenters, hypothalamie, 246 
Pleura, 110 

breathing and, 441 
inflammation of, 443 
lungs in relation to, 441, 442/ 
parietal, 111/ 358 f 441, 442/ 
viseeral, 111/ 441, 442/ 

Pleriral eavity, 441, 442/ 

Pleural fluid, 441, 443 
Pleural spaee, 441, 447 
Pleririsy, 443 

Plexuses, nerve, 26l. See also 
Spinal nerve plexuses 
Plieae eirerilares, 472/ 473 
PMI (point of maximal intensity), 
358/ 

Pneumocystispnenmonia, 428 b 
Pneumonia, 447, 460 
Pneumothorax, 447 
PNS. See Peripheral nervoris system 
Podoeytes, 516/ 

Point of maximal intensity 
(PMI), 358/ 

Poison ivy, 126, 427 
Polar body, 552, 553/ 

Polar heads/tails of phospholipids, 

47/ 48, 66, 66/ 

Polarity of water, 40 
Polarized neurons, 235, 236/ 

Polar molecules, 35, 37, 37/ 
Polyeystie kidney disease, 532, 535 
Polyeythemia, 342 
Polyeythemia vera, 342 
Polydipsia, 324 
Polymers, 43 
Polypeptides, 49, 85 
Polyphagia, 324 
Polyps, 1026, 103/ 503 
Polysaeeharides, 44-45, 45/ 93 
ehemieal digestion of, 478, 479/ 


Polyunsaturated fat, 48, 48 f 
Polyuria, 324 

Pons, 242/ 245/ 246, 248, 379/ 
respiratory eenters of, 453, 454/ 
Popliteal artery, 374, 375/ 
as pulse point, 383/ 

Popliteal region, 16/ 17 
Popliteal vein, 376, 377/ 

Pores 

of fenestrated eapillaries, 390, 
390/ 

protein ehannels, 66 
sweat, 114/ 120/ 121 
Portal circulations, 315 
Positive chemotaxis, 342, 407 
Positive feedbaek meehanisms, 12, 

13, 13/ 

in ehildbirth, 13, 566, 566/ 
in heat stroke, 502 
Positron emission tomography 
(PET), 106, 11/ 

Posteapillary venriles, 373, 373/ 
Posteentral gyrus, 242/ 243/ 
Posterior (dorsal) direetion/ 
orientation, 15? 

Posterior (dorsal) region, 14, 16/ 17 
Postganglionie axons, 264, 265/ 266/ 
Postriral muscles, 185, 202 
Postrire ehanges 

blood pressrire and, 386/ 387 
proprioeeptors and, 234 
Potassmm, 28? 

dietary sources of, 490? 
Potassium ions, 28?, 339/ 
blood homeostasis and, 

320-321, 322/ 329? 

heart rate and, 368-369 
in hyperaldosteronism, 322 
in nerve impulses, 41, 235-238, 

236 f 

at neuromuscular jrmetion, 

189/ 190 

sodium-potassium pump and, 

78/79 

tubular seeretions and, 51/ 

519, 519/ 

Potential energy, 26 
Preeapillary sphineters, 373, 373/ 
Preeentral gyrus, 242/ 243/ 
Preeipitation, 418, 419-420, 419/ 
Preganglionie neurons, 264, 265, 

265/ 266/ 

Pregnaney, 558-568, 563 

delivery and, 566-568 
effeets on mother, 563, 565-566 
fertilization and, 559-560 
flowchart of events needed to 
aehieve, 571/ 

hormones produced during, 330 
labor stages, 567, 567/ 
physiologieal ehanges during, 

565-566 

termination of, 565 
Prematrire infants, 271 
Premolar teeth, 474, 475/ 

Premotor area of eerebral 
cortex, 242/ 

Prepuce (foreskin), 541/ 542/ 543 
Prepuce of elitoris, 552 
Presbycusis, 304 
Presbyopia, 303 

Pressoreeeptors, 386, 386/ 529/ 530 
Pressure gradients, 78 
Pressure points, arterial, 383, 383/ 
Pressrire reeeptors, 3, 113, 113?, 

114/ 117, 234, 234/ 
glossopharyngeal nerve (IX) 
and, 259? 

Primary curvatures of spine, 152, 

153/ 173 

Primary follieles in oogenesis, 

552, 553/ 

Primary germ layers, 561 
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Primary humoral response, 

414-416, 415 f 416/ 420? 

summary flowchart, 423/ 
vaeeines and, 416-417, 416/ 
Primary hypertension, 390 
Primary motor area, 241, 242/ 243/ 
Primary ooeytes, 552, 553/ 

Primary sex organs. Tee Gonads 
Primary somatie sensory area, 241, 

242 f 243/ 

Primary spermatoeyte, 544, 544 f 
Primary structure of proteins, 50, 51/ 
Prime mover muscles, 200 
Prineiple of eomplementarity, 64 
Proeess (bone marking), 142/ 142/ 
Proeesses, neuron. See Nerve fibers 
Product, 32 

of enzyme aetion, 53, 53/ 
Progesterone, 327, 329/, 556 
eontraeeptive, 5706, 571/ 
in pregnaney, 330 
in uterine eyele, 555/ 556 
Projeetion fiber traets, 244, 244 f 
Prolaetin (PRL), 313/ 314, 328/ 
Pronation (movement), 199/ 200 
Prophase stage of mitosis, 82, 83/ 
Proprioeeptors, 233-234, 234/j 279 
Propulsion of food, 477, 477/ 487 
of food residue, 488 
peristalsis and, 481, 481/ 

482-483, 483/ 487 
in stomaeh, 482-483, 483/ 
swallowing and, 480-482, 481/ 
Prostaglandins, 46/, 309, 321, 331 / 
Prostate eaneer, 543 
Prostate gland, 6/ 523, 541/ 

542, 542/ 

Prostatie urethra, 524, 541, 

541/ 542/ 

Prostatitis, 543, 569 
Prostheses, joint, l66-l67b, 

166/ 167/ 

Protease inhibitors, 429b 
Protein (dietary) 

cellular uses for, 491 
dietary sources of, 

489-490, 490/ 

digestion of, 478, 479/ 482, 483 
liver’s uses for, 496, 497/ 
metabolism of, 494, 495/ 
Proteins, 28/, 39, 49-53, 85 
amino aeids and, 49-50, 49/ 
as earriers, 66, 77, 77/ 
eell adhesion, 93 
as ehannels (pores), 66, 66/ 

77, 77/ 

eomplement, 408-409, 409/ 

denatured, 50 
fibrous, 50-51, 52/ 85 
globular, 50-51, 52/ 85 
Golgi apparatus and, 69, 70/ 71 
of plasma membrane, 65, 

66 , 66 / 

structural levels of, 50, 51/ 
synthesis of, 56, 57, 64, 65, 68, 
70/ 71/ 75, 85-87, 86/ 
in urine, 522/ 

Proteinuria, 522 / 

Protons, 27, 29, 29/ 
aeeeptors, 42 
donors, 41-42 
“naked”, 41 

Proto-oneogenes, 102 6 
Provitamin D, 331 / 

Proximal convoluted tubule (PCT), 

516ý; 517, 519/ 

Proximal orientation/direetion, 15/ 
Proximal radioulnar joint, 160, 

160/ 170, 171/ 
Pseudohermaphrodites, 568 
Pseudopods 

of maerophage eells, 73/75 
phagoeytosis and, 80, 80/ 


Pseudostratified columnar 
epithelium, 89 , 91/ 

Psoas major muscle, 211, 212/ 
Psoriasis, 126 , 126/ 

PTH. See Parathyroid hormone 
Ptosis, 514 
Puberty, 569 

follicle-stimulating hormone 

and, 552, 553/ 

glandular ehanges, 120-121 
long bone growth and, 138, 140, 
141/ 

onset of, 569 

testosterone production and, 

544, 546 

Pubic areh, 162/ 

Pubic region, 16/17 
Pubic symphysis, 162/ 163 

as cartilaginous joint, 167, 168 f 
uterus in relation to, 550/ 

Pubis, 162/ 163, 168/ 541/ 
Pulmonary arteries, 359/ 360, 360/ 
361/ 442/ 450, 450/ 

fetal, 380, 381/ 

Pulmonary circuit, 360, 361/ 
Pulmonary eongestion, 370 
Pulmonary edema, 370 
Prilmonary embolism, 373 
Pulmonary gas exchange, 445, 449, 
450, 450/ 451/ 

Piilmonary heart valve, 360/ 

362 / 363 

Pulmonary pleura, 111/ 441, 442/ 
Pulmonary tmnk, 358/ 359/ 360, 
360/ 370, 441, 442/ 

Pulmonary veins, 359/ 360, 360/ 
370, 442/ 
fetal, 380, 381/ 

pulmonary eirenit and, 360, 361/ 
Pulmonary ventilation, 445. See also 
Breathing 

Pulp of tooth, 475, 475/ 

Pulse pressure points, 383, 383/ 
Pupils, 280/ 283/ 284 

eonstrietion of, 268?, 284, 291 
dilation of, 268?, 284, 291 
neurologic testing of, 258? 
parasympathetie/sympathetie 
effeets on, 268? 
reflexive movements of, 238, 

240, 258?, 291 
Purkinje fibers, 364/ 365 
Pus, 407, 522? 

P wave (eleetroeardiogram), 

367 6, 367/ 

Pyelitis, 524 
Pyelonephritis, 521, 524 
Pylorie antmm, 468, 469/ 

Pylorie sphineter (valve), 468, 469/ 
food movement eontrolled by, 

471, 482-483, 483/ 

Pyloms, 468, 469/ 470 
Pyramidal (eortieospinal) traet, 241 
Pyramids, renal, 514, 515/ 

Pyrogens, 409, 410? 

fever and, 502 

Pymvie aeid, 194, 194/ 492/ 493 

Pyuria, 522? 

QRS complex, 367 6, 367/ 

Quadrants of abdominopelvie 
eavity, 20/ 21 

Quadratus lumborum muscles, 208/ 

209, 219? 

Quadriceps muscles, 212/ 

213, 217? 

Quadriplegics, 255 
Quaternary structure of proteins, 

50, 51/ 

Quickening of fetus, 215 
RA (rheumatoid arthritis), 172-173, 

173/ 426 


Rabies, 417 

immune semm to treat, 417 
Radial artery, 374, 375/ 
as pulse point, 383, 383/ 

Radial groove of humerus, 

158 , 160 / 

Radial nerve, 158, 160/ 262?, 263/ 
Radial tuberosity, 160, 160/ 

Radial vein, 376, 377/ 

Radiant energy, 26 
Radiation, 10-llb, 31 
Radiation (heat-loss meehanism), 
500, 501/ 

Radioaetivity, 31 
Radioisotopes, 106, 31 
Radiologie teehnologist (Career 
Focus), 1436 

Radioulnar joints 
distal, 160 , 160/ 
proximal, 160, 160/ 170, 171/ 
Radius, 1466 158, 158-161, 

160 , 160 / 

movements of, 199/ 200/ 

Rales (breathing sound), 449 
Ramus (bone marking), 142/ 142? 
Ramus eommiinieans, 265, 267/ 

RAS (retienlar aetivating system), 

245/ 246 

RBCs. See Red blood eells 
Reaetants, 32 

Reaetive elements, 34, 34/ 

Real image, 288, 289/ 
Reeeptor-mediated endoeytosis, 
80/81 

Reeeptors, 12-13, 13/ 

ehemoreeeptors, 300-302, 

300 / 302 / 

general sensory. See General 
sensory reeeptors 
meehanoreeeptors, 292, 

297-299, 299/ 

photoreeeptors, 284-285, 284/j 
285/ 2866 

sensory. See Sensory reeeptors 

Rectum, 4, 6/ 465/ 473/ 474, 

513/ 550 f 

defeeation reflex and, 488 
Rectus abdominis muscles, 207/ 
208, 216/ 217? 

Rectus femoris imisele, 203, 203 f 
212/ 213, 216/ 217? 

Rectus muscles of eye, 281, 282/ 

289, 291 

eranial nerves serving, 

258 ?, 260 / 

Red blood eells (RBCs/erythro- 

eytes), 338, 339/ 340-342, 
340/ 343/ 

as eonneetive tissue, 96/ 97 
erythropoietin and, 331?, 345, 
346/ 512 

formation of, 345-346, 345/ 
intravenous sohitions and, 846 
in oxygen transport. See Oxygen 
transport 

Red bone marrow, 138 

blood eell formation in, 4, 135, 

344-345, 345/ 

Red skin eolor, 119 
Reduction (disloeation), 169 
Reduction (fracture), 144 
Reflex ares, 238-240, 239/ 

Reflexes, 238, 239/ 

autonomic vs. somatie, 

238, 239/ 

digestive aetivities and, 480 
olfaetory, 245/ 246 
pupillary, 238, 240, 258?, 291 
salivary, 238, 480 
skeletal muscles and, 183, 228 

spinal, 239/ 240, 253 

sucking, 503 
swallowing, 259? 


tests of, 2706 

visual eonvergenee, 289, 291 

withdrawal, 239/ 240 

Regeneration in tissue repair, 101 
Regeneration of stem eells, 1676 
Regional terminology, 14, 16-17, 
16 / 

Regions of abdominopelvie eavity, 

21 , 21 / 

Regulatory T eells, 421-422, 424?, 

4566 

Rehydration, 846 
Rejeetion, transplant, 422, 425 
Relaxin, 330, 565 

Releasing hormones, hypothalamie, 

313/ 315, 328? 

Renal arteries, 374, 375/ 513/ 514, 
515/ 

Renal calculi, 522-523 
Renal columns, 514, 515/ 

Renal cortex, 514, 515/ 516/ 

Renal dialysis, 520-5216 
Renal failure, 520-5216 
Renal faseia, 514 
Renal hilum, 513/ 514 
Renal medulla, 514, 515/ 516/ 
Renal pelvis, 514, 515/ 516/ 

Renal pyramids, 514, 515/ 

Renal tubules, 516/ 517 
aldosterone and, 321, 322/ 
epithelium of, 88, 89/ 
hydrostatie pressure and, 78 
Renal veins, 376, 377/ 513/ 514, 
515/ 

Renin, 321, 322/ 331?, 512, 528, 
529/ 530 

blood pressure/volume and, 
386-387, 387/ 

Renin-angiotensin meehanism, 528, 

529/ 530 
Rennin, 482 

Repolarization of neurons, 236/ 

237 

Reproduction, 9 
Reproductive system, 6/ 7, 

539-578 

eontraeeption and, 570-5736 
developmental aspeets of, 

568-569, 572 

female, 548-556. See also Female 
reproductive system 
homeostatie relationships of, 
5736 

male, 539-548. See also Male 

reprodiietive system 
sex determination and, 568 

Residual air volume, 448, 448/ 
Resistanee exercises, 196 , 196/ 
Resistin, 331? 

Respiration, 445. See also Breathing 
cellular, 193-194, 194/ 445, 
492-493, 492/ 

external, 445, 449, 450, 450/,' 451/ 
internal, 445, 449, 451/ 453 

nonrespiratory air movements 

and, 448-449, 449? 

Respiratory (bronehial) tree, 

443-444, 443/ 

Respiratory burst, 344 
Respiratory eenters of brain, 453, 

454/ 

Respiratory gases, 4. See also 
Carbon dioxide; Oxygen 
aeid-base balanee and, 531-532 
blood-brain barrier and, 250 
breathing meehanies and, 

445-447, 446/ 447/ 

exchange of. See Gas exchanges 
pulmonary circulation and, 360, 
360/- 

transport of. See Gas transport 
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Respiratory mucosa, 72, 437-439 
Respiratory muscles, 157, 207-208, 

437 f 442 f 445, 446/ 

neural regulation of, 453, 454/ 
Respiratory pump, venous return 

and, 369, 372, 400 

Respiratory rate 

age-related ehanges in, 460 
conscious eontrol of, 454 
faetors affeeting, 454-455 
hyperpnea and, 453 
negative feedbaek meehanisms 
and, 13 

neural regulation of, 453, 454/ 
nonrespiratory air movements 

and, 448-449, 4496 453 

normal (eupnea), 453 
Respiratory system, 4, 6/ 436-463 

aeid-base balanee and, 531-532 
age-related ehanges in, 460 

anatomy of, 436-445, 437 f 438/ 
breathing physiology, 445-455. 

See also Breathing 
developmental aspeets of, 

458, 460 

disorders of, 455-458 
homeostatie relationships of, 

8/ 4596 

phrenie nerve’s importanee 
to, 262? 

pregnaney effeets on, 565 
route of air through, 437-441 
sounds of, 449 

Respiratory therapist (Career 
Focus), 4526 

Respiratory volumes/capacities, 

447-448, 448/ 

Responsiveness of eells, 8, 75 
“Resting and digesting” system, 269 
Rete testis, 540, 540/ 

Reticular aetivating system (RAS), 

245/ 246 

Reticular eells, 96/ 97 
Reticular eonneetive tissue, 96/ 97 
Reticular fibers, 93, 96/ 

Reticular formation, 245/ 246 

Reticular layer of dermis, 114/ 

116-117, 117/ 

Reticulocytes, 345 
Retina, 284-285, 284/ 285/ 

2866, 287/ 

optie nerve (II) and, 2586 260/ 
Retinal, 2866 

Retroperitoneal organs, 476, 513 
Retropulsion, 482, 483/ 

Reverse transeriptase inhibitors, 

4296 

R-group of amino aeids, 49, 49/ 

Rh blood groups, 350 
pregnaney and, 350-351 
Rheumatic fever, 426 
Rheumatoid arthritis (RA), 172-173, 

173/ 426 
Rhinitis, 439, 454 

Rhodopsin, 2866 
RhoGAM, 351 
Rhythmieity 

of breathing, 453, 454/ 

in eardiae/skeletal/smooth 
muscle, 182 1 

of heart, 1826 364-365, 364/ 

Rhythm method, 5716, 571/ 

Rib eage 

in breathing meehanies, 

445-447, 446/ 

muscles moving, 207-208, 445, 
446/ 447 

proteetive functions of, 20 
Ribonucleic aeid (RNA), 53, 56-57 
Ribose sugar, 44, 56, 56/ 57/ 
Ribosomal RNA (rRNA), 56, 57, 68, 
85-87, 86 / 

Ribosomes, 65, 68, 69/ 70/ 


as protein synthesis site, 65, 68, 

86/87 

ribosomal RNA and, 56, 57, 68, 
85, 86/ 87 

Ribs, 146/ 154, 157, 157/ See also 
Rib eage 

as flat bones, 136 
intereostal muscles and, 

207-208 

joints of, 167, 168/ 
thoraeie organs and, 3586 442/’ 
Riekets, 141 

Right atrium of heart, 359/ 360/ 

364/ 366/ 

in systemie circuit, 360, 361/ 
Right lower quadrant (RLQ), 20/ 21 
Right upper quadrant (RUQ), 20/ 21 
Right ventriele of heart, 366/ 
in systemie circuit, 360, 361/ 
vs. left ventriele, 360, 361/ 
Ringworm, hair loss and, 128 
RLQ (right lower quadrant), 20/ 21 
RNA (ribonucleic aeid), 53, 56-57, 
85-87 

DNA eompared to, 53, 56, 85 
protein synthesis and, 85-87, 

86 / 

ROBODOC, 1 66b, \6lf 
Rods, 284-285, 284/ 28 6b 
’Roid rage (steroid rage), 2056 

Root eanal, 475, 475/ 

Root hair plexus, 114/' 

Rotation (movement), 198/ 200, 

2176 219 1 

of head, 295, 295/ 297 

Rough endoplasmie reticulum 

(rough ER), 65/ 68, 69 / 70/ 
of fibroblasts, 73, 73/ 

Round ligament of uterus, 

549, 550/ 

Round window of middle ear, 292/ 

293, 299/ 

rRNA (ribosomal RNA), 56 , 57, 68, 
85-87, 86/ 

RU-486, 571-5726 
Rubella (measles), 269, 303 
Rugae, 468, 469/ 

Rule of eights, 34 
Rule of nines, 124, 125/ 

RUQ (right upper quadrant), 20/ 21 

SA (sinoatrial) node, 364-365, 364/’ 
Saeral eanal, 156, 156/ 

Saeral curvature of spine, 152, 153/ 
Saeral foramen, 156, 156/ 

Saeral hiatus, 156, 156/ 

Saeral plexus nerves, 261/ 262?, 263/ 

Saeral region, 16/ 17 

Saeral spinal nerves, 254/ 26l/ 

262 ?, 265 , 266 / 

Saeroiliae joints, 156, l6l, 162/ 163 
Saemrn, 146/ 152, 156, 156/ 162/ 
spinal nerve plexus of, 261/ 

262 ? 

Saddle joints, 169?, 170-171, 171/ 
Sagittal seetion, 17, 18/ 

Sagittal sinus, 248/j 249/ 

Sagittal suture, 147 
Saline solutions, 846 
Saliva, 476, 480 

antibaeterial lysozyme in, 405, 
410?, 476 

chewing food and, 467, 480 

gustatory eells and, 301 
IgA antibodies and, 418, 476 
reflexive salivation and, 

238, 480 

in stareh digestion, 476, 479/ 
Salivary amylase, 476, 479/ 

Salivary glands, 4, 465/ 476 

ANS innervation/effeets, 

266 / 268 ? 

eranial nerves aetivating, 259? 


Saltatory conduction of nerve 
impulses, 237 

Salts (eleetrolytes), 28?, 34, 39, 41, 
41/ 76, 339/ 

Salty taste reeeptors, 301-302 
Saphenous nerve, 263/ 

Saphenous veins, 376, 377/ 
Sareolemma, 186/ 187 

in muscle eontraetion, 186/ 

187, 188-191, 189/ 192/ 
Sareomeres, 186/ 187, 191, 191/ 
Sareoplasmie reticulum (SR), 187, 
191, 192/ 

Sartoriris muscle, 203, 203/ 212 f 
216/ 217? 

Satellite eells, 229/ 230 
Saturated fats, 46, 48, 48/ 
dietary sources of, 489 
SCA (siekle eell anemia), 340/ 
341-342, 341? 

Seab formation, 101 

Seala tympani, 297, 297/ 299/ 

Seala vestibuli, 297, 297/ 299/ 

Sealp 

meninges in relation to, 248/ 
muscles of, 205, 206/ 

Seaphoid bone, l6l/ 

Scapulae, 146/ 158, 159/ 

fixator muscles that anehor, 202 
muscles that move, 218/ 219? 
shoulder joint and, 168/' 

Scapular region, 16/ 17 
Sear tissue, 101, 104 

of atheroselerotie plaques, 
388-3896 

of burn injuries, 125 
of rheumatoid arthritis, 

172, 173/ 

Schwann eells, 229/ 230, 231/ 

232 , 232 / 

Seiatiea, 262? 

Seiatie nerve, 211, 211/ 262?, 263/ 
Seiatie noteh, 162/ 163 
Selera, 280/ 282, 283/ 284/ 

Seleral venous sinus, 283/ 287 
Seleroses, 232 
Seoliosis, 153, 154/ 174 
Scrotum, 327, 541/ 543 
SCT (siekle eell trait), 342 
Seasiekness, 483 
Sebaceous glands, 1146 117, 
119-121, 120/ 
as exocrine glands, 92, 119 
inflammation of, 126 
tarsal glands and, 280, 281/ 
Seborrhea, 121 
Sebum, 120-121, 405, 410? 
Seeondary curvatures of spine, 

152-153, 153/ 174 

Seeondary lmmoral response, 

415-416, 415/ 416/ 420? 
summary flowchart, 423/ 
vaeeines and, 416 
Seeondary sex eharaeteristies 
female, 556 

male, 329?, 546, 547/ 

Seeondary structure of proteins, 

50, 51/ 

Seeond-degree burns, 124, 125/ 
Seeond line of body defenses, 4046 

405, 410? 

antimierobial ehemieals, 

408-409 
fever, 409 

inflammatory response, 405-408 
natural killer (NK) eells, 405 
phagoeytes, 405, 408 

Seeond-messenger systems, 
309-310, 310/ 
pituitary hormones and, 313 

Seeretin, 331?, 484-485, 484/ 485? 

Seeretions of body, 88, 92, 120/ 121 
in body defenses, 404-405, 404/ 


Seeretory IgA, 418, 420? 

Seeretory vesieles, 69 , 70/ 71 
in exocytosis, 79-80, 79/ 

Seetion (cut), 17, 18/ 

Seetions, body, 17, 18/ 

Segmental arteries, 514, 515/ 
Segmentation of food, 477, 

477 f 478/ 
peristalsis vs., 478/ 

Seizures, epileptie, 270-2716 
Seleetive permeability, 76, 77 , 77 / 
Selenmm, 28? 

dietary sources of, 490? 

Self antigens, 412, 426 
Self-toleranee, 412 

autoimmune diseases and, 426 
Sella turcica, 148/ 149, 313 
Semen, 543 

Semicircular eanals, 292/ 293 
reeeptors of, 295, 295 f 297 
Semilrmar heart valves, 360/ 

362 / 363 

Semimembranosus muscle, 211/ 

213, 218/ 219? 

Seminal fluid, 542 

Seminal vesieles, 6/ 541/ 542, 542/ 
SeminileroLis tubules, 540, 5406 

544/ 547/ 

Semitendinosus muscle, 211/ 213, 
218/ 219? 

Senile plaques, 2526 
Senility, 273 

Sensorineural deafness, 298-299 
Sensory (afferent) division of PNS, 
227/ 228 

Sensory (afferent) nerves, 257 
eranial nerves and, 258-259?, 
260 / 

Sensory (afferent) neurons, 114/ 

233-234, 233/ 
in reflex ares, 238-240, 239/ 
Sensory (afferent) traets, 255, 256/ 
Sensory (aseending) traets 
brain stem and, 246 
dorsal/ventral eokimns and, 255 
general sensory, 245-246, 245/ 
sehematie of, 255, 256/ 

Sensory aphasia, 251 
Sensory homunculus, 241, 243/ 
Sensory input, 227, 227/ 

pathway of, 245-246, 245/ 255 
Sensory layer of eyeball, 2836 

284-285, 284/ 

Sensory reeeptors, 4, 5/ 227, 227/ 
228, 233-234 
eerebral cortex and, 241 
cutaneous, 113, 116, 233-234, 

234/ 

general. See General sensory re- 
eeptors 

in reflex ares, 238-240, 239/ 

Septum 

heart, 358, 360/ 
nasal, 437 

Septum pellucidum, 249/ 
Seromucous gland, 441/ 

Serosae. See Serous membranes 

Serous fkiid, 110 

Serous membranes (serosae), 88, 

109,110 

alimentary eanal organs and, 

467, 468/ 

parietal/viseeral layers of, 110, 

111/ 467 

Serous pericardium, 357, 359/ 
Serratns anterior muscle, 216/ 

Serum, 347 
Sesamoid bones, 136 
Set point, homeostatie, 12 
Severe eombined immrmodefi- 
eieney disease (SCID), 427 
Sex ehange surgery, 568 
Sex determination, 568 
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Sex hormones, 46?, 321, 321/ 539 
androgens, 121, 321, 327, 329? 
derived from eholesterol, 48-49 
estrogens, 321, 322 
female, 321, 322, 327 
hyperseeretion of, 322 
long-bone growth and, 140, 141/ 
male, 321, 322, 327 
puberty and, 544, 546, 552, 553/ 
Sexual infantilism, 546 
Sexually transmitted infeetions 

(STIs), 4286, 535 

Shaft of long bone. See Diaphysis 
Shaft of penis, 541/ 542/ 543 
Sharpey’s fibers, 137/ 138 
Shinbone. See Tibia 
Shivering, 500, 501/ 

Shoek, anaphylaetie, 426 
Short bones, 136 , 136/ 

Shoulder 

arteries of, 374, 375/ 
joint of, 158, 159/ 168/ 171, 

171/ 197, 198/ 
muscles of, 216/ 2176 

218/ 219í 

nerve supply of, 158, 262? 
regions of, 16, 16/ 17 
veins of, 376, 377/ 

Shoulder blades. See Scapulae 
Shoulder girdle, 146/ 158, 159/ 
Shoulder joint, 158, 159/ 168/ 

171, 171/ 

movements allowed by, 

197, 198/ 

Siekle eell anemia (SCA), 340/ 
341-342, 34D 
Siekle eell trait (SCT), 342 
SIDS (sudden infant death syn- 
drome), 460 

Sigmoid eolon, 21/ 465/ 473/ 474 
Signet ring eells, 97 
Silieon, 28 1 

Simple (elosed) fractures, 144 
Simple cuboidal epithelmm, 88 , 90/ 
Simple diffusion, 76-77, 76/ 77/ 
Simple epithelium, 88 , 89/ 

Simple sugars. See Monosaeeharides 

Sinoatrial (SA) node, 364-365, 

364/ 367/ 

Sinus (bone marking), 142/ 142/ 
Sinuses 

frontal, 4386 

of lymph node, 402, 402/ 
paranasal, 150, 150/ 
sphenoidal, 438/ 

Sinus headaehe, 150, 439 
Sinusitis, 150, 439 
Skeletal muscle fibers, 183-187, 
183/ 186/ 

faseieles and, 183, 183/ 202-203, 

203/ 205 

vs. eardiae/smooth muscle, 181, 

182/ 1826 185 

Skeletal muscles, 4, 5/ 97, 99, 
183-221 

age-related ehanges in, 215 
attaehment sites (origin/insertion) 

of, 197, 197/ 2176 219? 

blood supply of, 183/ 196, 215 
eardiae muscle vs., 182/ 

1826 185 

cerebellum and, 246-247 
eerebral cortex and, 241, 242/ 
eonneetive tissue wrappings of, 

182/ 1826 183, 183/ 

eontraetion of. See Muscle eon- 
traetion 

developmental aspeets of, 

214-215 

exercise and. See Exercise 
gross anatomy of, 205-214, 

216/ 2176 218/ 219? 

head/neek, 205-207, 206/ 


lower limbs, 210-214, 

2H/ 214/ 

thorax/trunk/back, 207-209, 
207/ 208/ 

upper limbs, 207 f 2086 

209 - 210 , 209 / 

growth hormone effeets on, 314, 
328 ? 

heat generation function of, 185 
interaetions of, 200-202, 201/ 
joint stabilization function 

of, 185 

mieroseopie anatomy of, 

185-187. See also Skeletal 
muscle fibers 

movement and, 183, 185. See 
also Movement 
naming eriteria used in, 202 
nerve damage and, 195 
proprioeeptors in, 

233-234, 234/ 

reflex aetivation of, 183, 228 
sensory reeeptors in, 233-234, 

234/ 

smooth muscle vs., 182/ 

182?, 185 

spinal nerves serving. See Spinal 
nerves 

as volrmtary muscle, 99, 

182?, 183 

Skeletal muscle tissue, 97-99, 

98 / 100 / 

eells/fibers of, 183-187, 186/ 
regenerative abilities of, 101 
vs. eardiae muscle/smooth mus- 
ele, 181, 182/ 182? 

Skeletal system, 3-4, 5/ 134-180 
age-related ehanges in, 174-175, 
175/ 

appendicular skeleton, 134, 145, 

158-165 

axial skeleton, 134, 145-157 
bones of (overview), 134-142, 
144-145. See also Bones 
developmental aspeets, 173-175, 
174/ 175/ 

homeostatie relationships 
of, 1766 

joints of, 165-173. See also 

Joints 

ligaments of, 96-97, 134. See 
also Ligaments 
Skeleton, 134 

appendicular, 158-165. See also 
Appendicular skeleton 
axial, 145-157. See also Axial 
skeleton 

blood eell formation in, 4, 135 
developmental aspeets of, 139, 

140/ 152, 173-175, 

174/ 175/ 

mimber of bones in, 135 
skeletal muscles in relation 
to, 3, 97 

Skin (integument), 3, 5/ 112-128 
aeid mantle of, 113? 
age-related ehanges in, 104, 117, 
1186, 128 

ANS innervation/effeets, 

266 / 268 ? 

appendages, 114 f, 119-124 
blood supply and, 112, 1146 
in body defenses, 7, 404/j 
405, 410? 

burns injuries and, 124-125, 

125/ 

eaneer, 116, 126-127, 127/ 
eolor, pigments and, 119 
as cutaneous membrane, 109, 
110 , 111 / 112 

dermis of, 113-117. See also 
Dermis 

developmental aspeets of, 128 


epidermis of, 110, 113 , 

114-116. See also 
Epidermis 

epithelial tissue and, 88, 

92 , 100 / 

frmetions of, 7, 8/ 100, 112-113, 
113/ 1136 121 

homeostatie relationships 
of, 1306 

melanin and, 115/ 116 , 119 
nerve supply of, 114 f, 116, 117, 
262 ?, 263 / 

puberty and, 120-121 
regenerative abilities of, 101 
sebaceous glands of, 119-121, 
120/ 

structure of, 113-117 
subcutaneous tissue of, 97, 
113-114. See also 
Subcutaneous tissue 
sweat glands of, 119, 120 f 121 
UV radiation damage to, 113?, 
116, 1186, 126 
vitamin D synthesized by, 

112-113, 113? 

waterproof layer of, 113?, 

115/ 116 

wrinkles and, 1186, 128 
Skull, 145-152, 146/ 
in adults vs. newborns, 

151-152 

eranial bones (eranirim) of, 

145-150, 146/ 

eranial eavity and, 20, 20/ 

148/ 149 

developmental aspeets of, 

173, 174/ 

faeial bones of, 145, 146/ 149/ 
150-151 

fetal, 151-152, 151/ 
flat bones and, 136, 145 
meninges in relation to, 248/ 
SLE (systemie lupus erythemato- 
sus), 426 
Sleep apnea, 460 
Sleep/awake eyele, 246, 325, 

327, 328? 

Sliding filament theory, 191, 192/ 
Slipped (herniated) dises, 152 
Small eell eareinoma, 458 
Small intestine, 4, 6/ 21/ 465/ 466, 
470-473 

aetive vitamin D, and, 331? 
arteries of, 374, 375/ 472/ 
ehemieal digestion and, 

471-472, 477/ 478, 479/ 

in hepatie portal system, 

380 , 382 / 

hormones seereted by, 331? 
ileoeeeal valve and, 471, 473/ 
peristalsis and, 477, 477/ 
pylorie sphineter and, 468, 471 
segmentation of food and, 

477, 477/ 

veins of, 380, 382/ 472/ 

Smell sense, 300-301, 300/ 
age-related ehanges in, 304 
eranial nerve serving, 258?, 260/ 
disorders of, 301 

Smoking (tobaeeo), 1186, 128, 269, 
440, 457 

Smooth endoplasmie reticulum, 

68-69, 69/ 

Smooth muscle, 182?, 184, 

184/ 227 f 

of blood vessel walls, 370, 

371/ 372 

eells of, 73/ 75, 182/ 182?, 183, 
184, 184/ 

eontraetions of, 182/ 182?, 184 
of digestive traet, 467, 468/ 
of eyeball structures, 283/ 284 
of lymphaties, 400 


as tissue, 3/ 98/ 99 , 100/ 
of urinary bladder walls, 

523 

vs. eardiae/skeletal muscle, 182/ 

182?, 185 
Snake bites, 417 
Sneezing meehanism, 448, 449? 
Sodium, 28?, 32?, 34/ 
ionie. See Sodium ions 
Sodium balanee 

aldosterone’s role in, 320-321, 

322/ 528, 529/ 

antidiriretie hormone and, 

315-316, 315/ 328? 

flowchart, 529/ 
water intake/output and, 

526-528 

Sodium ehloride, 32, 33/ 34, 35/ 
in sweat, 121 

tubular reabsorption of, 518, 

518/; 519/ 

Sodium hydroxide, 42, 43/ 

Sodium ions, 28?, 34, 35/ 329? 
atrial natririretie peptide 
hormone and, 331? 
in fluid/electrolyte balanee, 

525-532, 529/ 

heart rate and, 368-369 
in nerve impulses, 28?, 41, 78/ 
79, 235-238, 236/ 

at neuromuscular jrmetion, 

189/ 190 

water balanee dependent 
on, 28? 

Sodium-potassium pump, 78/ 

79, 190 

nerve imprilses and, 

236/ 237 

Soft palate, 438/ 439, 466, 466/ 

Sole of foot (plantar region), 

16/ 17 

bones of, 165, 165/ 

thiek skin of, 115, 116 
Soleus muscle, 213, 214 f, 216/ 

218/ 219? 

Solid matter, 26 
Solute pumps, 78/ 79 
Sokites, 40, 75 

solute pumps and, 78/j 79 
Solritions, 40, 75-76 
aeidie, 42, 43/ 
alkaline, 42, 43/ 
intracellular fluid as, 75 
intravenous (IV), 846 
neritral, 42, 43/ 
pH of, 42, 43/ 

Solvents, 40, 75 

water as body’s major, 40 
Somatie nervous system 

as a motor division of PNS, 227/ 

228 

aritonomie nervoris system vs., 

264, 265/ 

Somatie sensory (afferent) 
fibers, 228 

Somatie sensory area of brain, 

241, 242/ 243/ 

Somatie vs. aritonomie reflexes, 

238 , 239/ 

Somatostatin, 485? 

Sonography, 106, 11/ 

Sormds 

of heart valves, 336 

of lungs, 449 

Sound waves 

eardmm and, 293 
frequency of, 298, 299/ 304 
hearing reeeptors and, 22, 292, 

292/ 293 

route of throrigh ear, 297-298, 

298 / 

in ultrasonography, 106, 11/ 
Sour taste reeeptors, 301-302 
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Speeial senses, 279-307 

age-related ehanges in, 303-304 
eerebral cortex areas for, 

241, 242/ 

developmental aspeets, 302-304 
equilibrium, 279, 294-295, 294 f 
295/ 297, 299 
hearing, 292-299. See also 

Hearing 

reeeptors of, vs. general sense 
reeeptors, 279 
smell, 300-301, 300/ 
taste, 301-302, 302/ 
vision, 279-292. See also Vision 
Speeifie body defenses, 404, 411. See 
also Adaptive body defenses 
Speeifie gravity, 521 
Speeeh, voeal folds and, 440 
Speech/language area of brain, 241, 

242/ 243 

Broea’s area and, 242/ 243 
Sperm, 7, 73/ 75, 539 

aerosomal reaetion and, 559 
androgens effeets on, 329? 
fertilization and, 559-560 

peristalsis and, 545 
semen and, 542, 543 
seminiferous tubules and, 540, 

544, 544/ 

structure of, 545, 546/ 554 
Spermatie eord, 540, 540/ 541/ 
Spermatids, 544/ 545 
Spermatogenesis, 544-545, 

544/ 547/ 

Spermatogonia, 544, 544/ 
Spermieidal foams, 571 /, 571/ 572/ 
Spermiogenesis, 544/ 545 
Sphenoidal sinuses, 149, 150/ 

438/ 439 

Sphenoid bone, 147/-149/,’ 148 f 149 
Sphineter muscles, 202, 268? 
Sphineters 

of digestive system, 468, 469/ 
471, 471/ 473/ 474 

invohmtary, 474 
preeapillary, 373, 373/ 
voluntary, 474 
Spina bifida, 271 
Spinal (lumbar) tap, 250, 253 
Spinal eavity, 20, 20/ 

Spinal eord, 4, 5/ 227/ 228, 242/ 
253-255, 254/ 

ANS fibers and, 264—265, 265/ 

eerebrospinal fluid and, 248 
eervieal enlargement of, 

254, 254/ 

foramen magnum and, 147, 

148/ 149 

gray matter of, 254, 255/ 
injuries and, 255 
lumbar enlargement of, 254, 254/' 
nervous tissue of, 99/ 100/ 
reflex ares and, 239/ 240 
regenerative abilities and, 101 
vertebral column proteeting, 20, 

152, 253 

white matter of, 254-255, 

255/ 256/ 

Spinal curvatures, 152-153, 153 f 
174-175 

abnormal, 153, 154/ 174-175, 

175 f 

Spinalis muscle, 208/ 209 
Spinal nerve plexuses, 261-264, 

262 1 

braehial, 261/ 262t 
eervieal, 26l/ 262t 
lumbar, 261/ 262 1 
saeral, 261/ 262t 
Spinal nerves, 254, 257, 261-264 
ANS fibers and, 264-265, 267/ 
eervieal, 254/ 26l/ 262t 
damage to, 262t 


lumbar, 254/ 261/ 262t 
plexuses. See Spinal nerve 
plexuses 

PNS in relation to, 227/ 228 
saeral, 254/ 26l/ 262t 
skeletal muscles/body areas 
served by, 262t, 263/ 
spinal eord and, 254/ 
sympathetie pathways and, 267/ 
thoraeie, 254/ 26l/ 

Spinal reflexes, 239/ 240, 253 
Spindle pole, 83/ 

Spine, 145. See also 
Vertebral column 
Spine (bone marking), 142/ 142/ 
Spinous proeesses of vertebrae, 

154, 154/ 155/ 

Spiral fracture, 145/ 145? 

Spiral organ of Corti, 297-298, 

297/ 298/ 

age-related ehanges in, 304 
Spirometer testing, 448 
Splanehnie nerves, 265, 267/ 
Spleen, 4, 96/ 401/ 402-403, 

403/ 465/ 

arteries of, 374 
B eells residing in, A2At 

fetal, 403 

in hepatie portal circulation, 380, 
382/ 

immunocompetent lymphoeytes 

and, 413, 413/ 

veins of, 380, 382/ 

Splenie (eolie) flexure, 473/ 474 
Splenie artery, 374 
Splenie vein, 380, 382/ 

Sponge, eontraeeptive, 571 /, 

571/ 572/ 

Spongy (penile) urethra, 524, 541/ 
542, 542/ 

Spongy bone, 135, 135/ 137/ 138 

Sprain injury, 172 

Squamous eell eareinoma, 127, 

127/ 458 

Squamous epithelhim, 88, 89 f 90 f 

91/ 92, 110, 113 
Squamous sutures, 147, 147/ 

SR. See Sareoplasmie reticulum 
Stapes (stirmp) bone, 292/ 293, 

297, 298/ 299/ 

Staphyloeoeeal infeetions, 126, 126/ 

Stareh, 44, 45/ 

digestion of, 476, 478, 479/ 483 
Starling’s law of the heart, 368 
Starvation, 12 

Statie equilibrium, 294-295, 29 Af 
Statin dmgs, 389 b 
Stem eell implants, 253Z 
Stem eell regeneration, \6lb 
Stem eells (basal eells), 301 
Stem eells in blood formation, 

345, 345/ 

Stenosed heart valves, 366 
Stents, 389 b 
Sterility, A6t, 314 
male, 541, 548, 569 

sex ehromosome abnormalities 
and, 568 

Sterilization (eontraeeption), 

570 b, 571/ 

Sternal angle, 156, 157/ 

Sternal puncture blood sample, 

156-157 

Sternal region, 16/ 17 
Sternoeleidomastoid muscle, 

217?, 218/ 

aeeessory nerve (XI) aetivated 

by, 259 1 

Sternoeleidomastoid muscles, 
206-207, 206/ 208/ 216/ 
Sternum, 146/ 156-157, 157/ 
elaviele and, 158 
as flat bone, 136, 136/ 156 


heart in relation to, 558f 

joints of, 167, 168/ 
landmarks of, 156-157, 157/ 
hrngs in relation to, 442/ 
tmnk muscles and, 207, 207/ 
Steroid hormones, 46?, 47/ 48-49, 
309, 328-329? 

of adrenal cortex, 309, 320-322, 
321/ 

anabolie, 204-205b 
eholesterol basis of, 48-49, 309 
direet gene aetivation meeha- 
nism of, 309, 310/ 
of gonads, 327 
performanee-enhaneing, 

204-205b 

transported by blood, 339/ 
vs. nonsteroidal hormones, 

309, 310/ 

Stethoseope, heart sounds and, 366 
Stimuli, 4, 8, 75, 227 

for digestive proeesses, 480 
in homeostatie eontrol meeha- 
nisms, 12-13, 13/ 
muscle eontraetion and, 

187-191 

nervous system response to, 4, 

8, 227, 235-238 

reflexive responses to, 238-240, 

239/ 

skeletal muscle fiber/eell and, 

187-191 

Stirmp (stapes) bone, 292/ 293, 
297, 298/ 

Stomaeh, 4, 6/ 467-470, 469/ 

ANS innervation/effeets, 

266 / 268 ? 
arteries of, 374 
eardiae region of, 468, 469/ 
curvatures of, 468, 469/ 
digestion in, 468, 470, Allf, 478, 

479/ 482-483, 483/ 

food eapaeity of, 468 
in hepatie portal system, 

380 , 382 / 

hiatal hernia and, 482 
hormones seereted by, 331?, 485? 
intrinsie faetor formed by, 342? 
mucosa of, 469/ 470 
muscularis externa in, 468, 469/ 
omenta of, 468, 469/ 470/ 
peristalsis in, 477, 477/ 482-483, 
483/ 

sphineters of, 468, 469/ 
as storage site for food, 468 
veins of, 380, 382/ 

Stomaeh stapling surgery, 505 b 
Strabisrmis, 303 

Botox to treat, 118 b 
Strata of epidermis, 114—116, 115/ 
Stratified epithelhim, 88 , 89/, 91 f 

92 , 92,110 , 113 

Stratum basale, 114, 115/ 121, 123 
basal eell eareinoma and, 126 
Stratum corneum, 115-116, 115/ 
StratLim germinativum. See Stratum 
basale 

Stratum granulosum, 114, 115/ 

Stratum lucidum, 114-115, 115 f 
Stratum spinosum, 114, 115/ 127 
Strength training, 196 
Streptoeoeeal infeetions, 535 
Stress ineontinenee, 565 
Stress/stress response 

Addison’s disease and, 322 
aldosterone and, 322/ 
eateeholamines and, 311/ 

322- 324, 323, 323/ 

glucocorticoids and, 321, 

323- 324, 323/ 
heart rate and, 368, 369/ 
imrmme response and, 323/ 

324, 431 


long-term, 323-324, 323/ 
neural stimuli and, 311/ 312 
short-term, 323-324, 323/ 
sympathetie effeets on various 

organs, 267-269, 268? 
symptoms of, 323-324, 323/ 
Streteh reeeptors 

proprioeeptors as, 233-234, 

234/ 

in reflex ares, 238-240, 239/ 
Striated muscle, 183 
Striations 

of eardiae muscle eells, 182/ 
182?, 184 

of skeletal muscle eells, 98 f 99, 
182/ 182?, 183, 186/ 187 

Stroke 

cerebrovascular aeeident/CVA, 

251, 348 

heat, 502 

Stroke vohime (SV), 367, 368, 369/ 
Stroma, 97, 444 

Strong/weak aeids, 42, 531, 531/ 
Strong/weak bases, 42, 531, 531/ 
Structural proteins. See Fibrous 
proteins 

Styloid proeesses, 147, 147/ 148/ 
160, 160/ 466 

Subarachnoid spaee, 247, 248/ 

249/ 250 

Subatomic partieles, 27, 29, 29? 
Subclavian arteries, 359/ 374, 375/ 
Subclavian vein, 376, 377/ 
Subcutaneous tissue, 95/ 97, 
113-114, 114/ 
age-related ehanges in, 117 
Sublingual glands, 465/ 476 
Submandibular glands, 465/ 476 
Submucosa, 467, 468/ 

of digestive traet, 467, 468/ 472/ 
Submucosal nerve plexus, 467, 468/ 
Substantia nigra, 252-253 b 
Substrate-level phosphorylation, 

492/ 493 

Substrates, 50, 53/ 

Sucking reflex, 503 
Sucrase, 479/ 

Sucrose, 44, 45/ 

Sudden infant death syndrome 

(SIDS), 460 

Sudoriferous glands. See Sweat 
glands 

Sugar-coated proteins. See 
Glyeoproteins 

Sugar groups of phospholipids, 

65 - 66 , 66 / 

Sugars, 44, 45/ 

ehemieal digestion of, 478, 479/ 
Sulci/sulcus, 240, 241, 242/ 

Sulfur, 28?, 32?, 49 
Sunburn, 124, 125/ 

Sunlight exposure, 113/ 118/, 128 
DNA of skin eells and, 116 
skin eaneer and, 126 
vitamin D synthesis and, 

112-113 

Sunscreen, 118/ 

Siiperfidal (external) orientation/ 
direetion, 15? 

Superficial faseia, 114/ See also 
Subcutaneous tissue 
Superior (eranial, eephalad) 
orientation/direetion, 15? 
Superior vena eava, 358/ 359/ 360, 
360/ 364/ 376, 377/ 
fetal, 381/ 

veins draining into, 376, 377/ 
Supination (movement), 199/ 200, 
210, 217? 

Supporting eells 

in CNS (neuroglia), 99/ 100, 
228-230 

in PNS, 99/ 229/ 230 



Suppressor T eells. See Regulatory 
T eells 

Suprascapular noteh, 158, 159/ 

Sural region, 16/ 17 

Surface anatomy terminology, 14, 

16-17, 16/ 

Siirfaee membrane barriers, 

404-405, 404/ 410? 

Surface tension, of water, 37-38, 

37 f 

Surfactant, 444/, 445, 458 

Surgical neek of humerus, 

158 , 160 / 

Surgical teehnologist (Career 
Focus), 378 b 
Survival needs of human 
body, 9, 12 
Suspensions, 40 
Suspensory ligaments 

of lens, 284, 285 
of mammary glands, 557/ 
of ovaries, 549, 550/ 

Sutures, 145, 167 

as fibroris joints, 167, 168/ l69í 
Swallowing, 480-481, 481/ 
breath eontrol and, 454 
epiglottis and, 440 
glossopharyngeal nerve (IX) 
and, 259? 

medrilla oblongata and, 246 
propulsion of food and, 

477, 477/ 

reflex, glossopharyngeal nerve 
(IX) and, 259? 

Sweat, 121, 121 

Sweat glands, 117, 119, 120/ 121 
ANS innervation/effeets, 

266 / 268 ? 

apoerine, 121 

in body temperatrire regulation, 
500, 501/ 

eeerine, 114/ 120/ 121 
as exocrine glands, 92, 119 
frmetions in skin, 113 1 
mammary glands modified from, 

557 

Sweet taste reeeptors, 301-302 
Swollen “glands”, 401 
Swollen lymph nodes, 401, 402 
Sympathetie division of ANS, 227/ 

228, 264 

age-related ehanges in, 271 
anatomy of, 265-266, 266/ 
“fight-or-flight response” and, 
323-324, 323/ 
heart rate inflrienees and, 

368, 369/ 

pathways of, 265, 26lt 

physiology of, 265/ 266-269, 
267/ 268t 

Sympathetie trrmk (ehain), 265, 267/ 
Sympathetie tmnk ganglion, 

265, 267/ 

Synapses, 230 

nerve impulse transmission at, 
237, 238, 238/ 
at neuromuscular jrmetion, 

188-189, 189/ 

in reflex ares, 240 
Synaptie eleft, 188, 189/ 230, 238/ 
Synaptie vesieles, 188, 189/ 238 f 
Synarthroses, 167, 168/ l69t 
Synehondroses, 167, 168/ l69t 
Syndesmoses, 167, 168/ l69t 
Synergist muscles, 200, 202 
Synovial fluid, 112/ 

of joint eavity, 169, 170/ 

Synovial joints, 167, 168/ 169-173, 

1 69t 

joint eavities of, 168/ 169 
types of, 169-171, 171/ 

Synovial membranes, 109, 110, 

112 , 112 / 


areolar eonneetive tissue of, 110 
in arthritis, 172-173 
of bursae, 110, 112, 169, 170/ 
of joint articular capsules, 110, 
112/ 169, 170/ 

lribrieating flriid of, 110. See also 
Synovial fluid 

Synthesis reaetions, 38, 39/ 
Synthetase enzyme, 86/ 

Systemie circulation, 360, 361/ 
major arteries of, 374-376, 375/ 
major veins of, 376, 377/ 
Systemie lupus erythematosus 
(SLE), 426 

Systole, 365-366, 366/ 

Systolie blood pressrire, 384, 

384/ 385/ 

T 3 (triiodothyronine), 318-319, 328 1 

T 4 (thyroxine), 318-319, 328 1 , 496 

Table salt. See Sodium ehloride 
Taehyeardia, 365 
Tailbone. See Coccyx 

Talus, 136/ 165, 165/ 

Tanning, melanoeytes and, 116 
Target eells/organs of hormones, 

309, 310/ 

Tarsal bones (tarsals), 146/ 

165, 165/ 

Tarsal glands, 280, 281/ 

Tarsal region, 16/ 17. See also 
Ankle 
Tarsus, 165 

Taste buds, 301-302, 302/ 

Taste pore, 301, 302/ 

Taste sense, 301-302, 301/ 
age-related ehanges in, 304 
aromas and, 302 
bitter/salty/sour/sweet/rimami 
sensations of, 301-302 
brain area of, 242/ 
eranial nerves serving, 259 1, 301 
digestive aetivities and, 467 
saliva’s frmetion in, 476 
Tau protein, Alzheimer’s disease 
and, 252 b 

T eells (T lymphoeytes) 

antigen-presenting eells and, 

413/ 414 

eytokines and, 421, 424 1 
cytotoxic (killer), 421, 

421/-423/ 424 1 , 427, 

428-429 b 
defieieney of, 427 

differentiation/aetivation of, 

412-413, 413/ 

helper, 421, 422/ 424 1 
HIV/AIDS and, 427, 428-429b 
in immrme response, 420-422, 

421/-423/ 

as immrmoeompetent lympho- 

eytes, 412-413 
lymph nodes and, 402, 413, 

413/ 424 t 

regrilatory, 421-422, 424 1 
thymosin and, 327, 329 1 
as white blood eells, 343/ 412 
Tears, 280 

antibaeterial lysozyme in, 

280-281, 405, 410 1 

faeial nerve (VII) and, 25 9t 
IgA antibodies and, 418 
laerimal bones and, 150 
pathway of, 280 
Teetorial membrane, 297/ 298 

Teeth, 474-475 

alveolar proeesses and, 148 / 150 
calcium salts in, 28 1 

impaeted, 474 

Telophase stage of mitosis, 82, 83/ 
Temperatrire 

body. See Body temperatrire 
ehemieal reaetion rate and, 40 1 


Temperature reeeptors 

eerebral cortex area and, 241 
in skin, 3, 113 
Temperature sensations 
aseending pathways, 245/ 
trigeminal nerve (V) and, 258 1 
Template, DNA, 81, 82/ 86/ 
Temporal artery, as pulse 
point, 383/ 

Temporal bones, 147, 147/ 

148/ 149/ 

inner ear and, 292/ 293 
meninges and, 248/ 

Temporalis muscle, 206, 206/ 

216 / 21Jt 

Temporal lobes of brain, 241, 

242/ 379/ 

memory storage and, 243 
Tendons, 95 f 96-97, 100/j 
183-184, 183/ 

arehes of foot and, 165 
injury/damage to, 172 
proprioeeptors in, 233, 

234, 234/ 

sesamoid bones within, 136 
Tendon sheaths, 110, 112, 169 
of synovial joints, 169, 170/ 

Teniae eoli, 473/ 474 

Tensile strength of bones, 138 
Tension, muscle, 195 
Tentormm eerebelli, 247, 248/ 

Teres major muscle, 201/ 

Terminal air saes. See Alveoli 
Terminal arteriole, 373, 373/ 
Terminal bronehioles, 443, 443/ 
Terminal ganglions, 264 
Tertiary structure of proteins, 50, 51/ 
Testes, 4, 6/ 7, 312/ 327, 327, 539, 
540, 540/ 541/ 542/ 
arteries of, 374, 375/ 
blood supply of, 540/ 
failure to deseend and, 568-569 
hormonal eontrol of, 547/ 
hormonal stinmli and, 311, 311/ 
hormones prodiieed by, 327, 329 1 
smooth ER of, 69 
veins of, 376 

Testkmlar arteries, 374, 375/ 
Testosterone, 327, 540, 546, 547/ 
age-related ehanges in produc- 
tion of, 330 

derived from eholesterol, 4 6t 
as performanee enhaneer, 

204-205b 

sex determination and, 568 

Tetanie eontraetion, 192-193, 193/ 
Tetanus (lockjaw), 193 
Tetany, 319 

TH (thyrotropie hormone), 313, 

313/ 314 

Thalarmis, 245-246, 245/ 252 b, 25 6/ 
Thermal energy, 26 
Thermal reeeptors, in skin, 113? 
Theta brain waves, 270 b, 270/ 
Thiamine (vitamin B/ 490? 

Thiek filaments, 18 6f 187, 191, 

191/ 192/ 

Thiek skin, 115, 116 
Thigh (femoral region), 16/17 
arteries of, 374, 375/ 
blood supply and, 163 
bone of, 163-164, 164/ 
movements of, 213 
muscles of, 212/ 213, 216/ 217?, 
218/ 219? 

nerve supply of, 163, 262?, 263/ 
veins of, 376, 377/ 

Thin filaments, 71, 12f 186/ 187, 
191, 191/ 192/ 

Third-degree burns, 124—125, 125/ 
Third line of body defenses, 464/ 
407. See also Adaptive body 
defenses 
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Third ventriele of brain, 245, 

245/ 249/ 

eerebrospinal fluid pathway and, 

248, 249/ 

Thirst eenters, 246, 526, 527/ 

Thirst meehanism, 526-528, 527/ 
excessive, 324 
water intake/output and, 

526, 527/ 

Thoraeie aorta, 374, 375/ 

Thoraeie eage (bony thorax), 145, 
146/ 156-157, 157/ 
vertebrae of, 152, 153/ 154, 

155/ 157/ 

Thoraeie eavity, 20, 20/ 

age-related ehanges in, 460 
bony thorax and, 156-157, 157/ 
in breathing meehanies, 445, 
446/ 447, 447/ 

lymphatie ducts of, 400, 401/ 
organs of, 441, 442/ 
parietal pleura lining, 441, 442/ 
wall of, 442/ 

Thoraeie curvature of spine, 

152, 153/ 

Thoraeie duct, 6/ 400, 401/ 
Thoraeie region, 16/ 17 
Thoraeie vertebrae, 152, 153/ 

154, 155/ 

bony thorax and, 156-157, 157/ 
rib artierilations and, 154, 157 
spinal nerves of, 261/ 262? 
Thoraeokimbar division of ANS, 265 
Thorax 

arteries of, 374 

bony, 16/ 145, 146/ 156-157, 
157/ 

heart loeation in, 357, 358/ 
lungs loeation in, 441, 442/ 
muscles of, 202, 207-208, 

207 f 216/ 

organs in, 440-444, 442/ 
serous membranes of, 110, 111/ 
spinal nerves of, 26l/ 262 ? 
vagus nerve (X) and, 259? 
veins of, 376 

Three-neuron reflex ares, 239/ 240 
Threonine, 491/ 

Throat, 439. See also Pharynx 
Thrombin, 347, 347/ 
Thromboeytopenia, 348 
whole blood transfrisions 
and, 350 

Thrombophlebitis, 373 

Thrombopoietin, 345 
Thrombosis, eoronary, 348 
Thrombris, 348 
Thumb 

bones of, l6l, l6l/ 
joints of, 171, 171/ 
opposition movement of, 

199/ 200 

Thymine (T), 53, 54/ 81, 82/ 
Thymosin, 327, 329?, 403, 412 
Thymus gland, 4, 5/ 312/ 

327, 329? 

age-related ehanges in, 327 
hormone produced by, 327, 

329?, 403, 412 

lungs in relation to, 442/ 
as lymphoid organ, 403, 403/ 

T eell immrmoeompetenee and, 

412-414, 413/ 

Thyroid eartilage, 438/ 439 
Thyroid gland, 312/ 317-319, 317/ 
follieles of, 318-319, 318/ 
hormonal stimuli meehanism 

and, 311, 311/ 
hormones of, 317-319, 328? 
hyper/hypothyroidism and, 499/ 
mieroseopie structure of, 
317-318, 317/ 
as target organ, 313/ 
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Thyroid hormones, 317, 318-319, 

33?r 

direet gene aetivation of, 

309, 310/ 

iodine essential to, 28/ 
Thyroid-stinmlating hormone 

(TSH), 313, 313/ 314, 328/ 
Thyrotropie hormone (TH), 313, 

313/ 314 

Thyroxine (T/, 318, 328/ 

basal metabolie rate determined 

by, 499, 499/ 

blood glucose levels and, 496 
heart rate infhieneed by, 

368-369, 369/ 

TIA (transient isehemie attaek), 251 
Tibia, 146/ 164, 164/ 

joints of, 164, 164/ 167, 168 f 
muscles moving, 21 Af 
Tibial arteries, 374, 375/ 
as pulse point, 383/ 

Tibialis anterior muscle, 213, 214/ 
216/ 217/ 

Tibial nerves, 262/, 263/ 

Tibial tuberosity, 164, 164/* 

as patellar ligament attaehment 
site, 164 

Tibial veins, 376, 377/ 

Tibiofibular joint 

distal, 164, 164/ 167, 168/ 
proximal, 164, 164/ 

Tidal volume (TV), 448, 448/* 

Tight junctions, 67, 67/ 
epithelial eells and, 88 
Tight membrane junctions, 67, 67/ 
Tin, 28/ 

Tissue faetor (TF), 347 
Tissue fluid. See Interstitial fluid 
Tissue level of structural 
organization, 2 , 3/ 

Tissue plasminogen aetivator 
(tPA), 3896 

Tissue repair (wound healing), 
100-101 

inflammatory response and, 

405-407, 406/ 

Tissues, 2, 3/ 87-104 

age-related ehanges in, 104 
burn damage to, 124-125, 125 f 
eell division and, 101, 104 
eonneetive, 2, 3/ 92-97 
developmental aspeets, 101, 104 
epithelial, 2, 3/ 87-92 
gas exchanges in, 449, 450 f 

451/ 453 

muscle, 2, 3/ 97-99 

neural, 2, 99-100 
organs in relation to, 87 
regenerative abilities and, 101 
repair of (wound healing), 
100-101 

T lymphoeytes. See T eells 
TMR (total metabolie rate), 499-500 
Tobaeeo smoking, 1186, 128, 269, 
440, 457 

Toes (digital region), 16/17 
bones of, 146/ 165, 165 f 
gout and, 173 
movements allowed by, 

200 , 213 

rmiseles of, 216/ 217/ 

Tone, muscle, 195 
Tongue, 438 f 465/ 466, 466/ 
in chewing, 467, 474 
eranial nerves serving, 259/ 
hyoid bone and, 151, 151 f 
lingual frenulum and, 466-467 
movements and, 259/ 
oral eavity and, 21 
taste buds of, 301-302, 302/ 
Tonieity of eells, 846 
Tonometer instmment, 287 


Tonsillitis, 403, 439 
Tonsils, 4, 403, 403/ 438 f 439 
inflammation of, 403, 439 

taste buds and, 302/ 

Tortieollis, 207 

Total hip replaeement, 166-1676, 
167/ 

Total knee replaeement, 166-1676, 

166 / 

Total metabolie rate (TMR), 499-500 
Touch receptors/touch sense, 113, 
116, 234, 234/ 

aseending general sensory traets 

and, 245/ 

faeial, trigeminal nerves 
and, 258/ 

sensory area of eerebral cortex 
and, 241 
Toxins, 380, 382/ 
tPA (tissue plasminogen aetivator), 
2716, 3896 

Trabeculae, of lymph nodes, 

401, 402/ 

Traee elements, 28/ 

Traehea, 4, 6/ 437/ 438/ 440, 

441/ 442/ 

breathing sormds and, 449 
eilia of, 91/ 92, 440, 441/ 
hyaline eartilage of, 94 f 440, 441/ 
obstmeted, 440 
Traehealis muscle, 440, 441/ 
Traeheoesophageal fistrila, 502 
Traeheostomy, 440 
Traets (nerve fiber), 233 

aseending/deseending, 241, 

244-246, 244/ 245/ 
254-255, 256/ 

myelinated, 233, 271 

optie, 258/, 289, 289/ 

Transeription phase of protein 
synthesis, 85-87, 86/ 

Trans fats, 48 

Transfer RNA (tRNA), 56, 57, 

85-87, 86 / 

Transfrisions of blood, 348, 350 
agghitination and, 419, 419/ 
blood groups and, 

350-351, 351/ 

blood typing and, 351, 352/ 
fetal, 351 

hemolysis and, 350 

HIV/AIDS and, 428-4296 

reaetions, 350 

Transient isehemie attaek (TIA), 251 
Transitional epithelium, 89/ 91/ 92 
of detmsor muscle, 523 
Translation phase of protein synthe- 
sis, 85-87, 86/ 

Transplantation of organs, 422, 425 
Transport vesieles, 68 , 69, 70/ 
Transverse (eross) seetion, 17, 18/ 
Transverse areh of foot, 165, 165 f 
Transverse eolon, 21/ 465/ 

473/ 474 

Transverse mesoeolon, 473/ 
Transverse proeesses of vertebrae, 

153, 154/ 155/ 

Transverse sinus of eerebmm, 248/ 
Transversus abdominis muscle, 

207/ 208, 216/ 

Trapezirim bone, l6l f 
Trapeziris muscle, 208-209, 208/ 

216/ 218/ 219/ 
aeeessory nerve (XI) aetivated 

by, 259/ 

movements allowed by, 209, 219/ 
Trapezoid bone, l6l/ 

Trauma, abdominal eavity and, 20 
Traumatic brain injuries, 251 
Trieeps braehii rmiseles, 208/ 210, 
216/ 218/ 219/ 
nerve supply of, 262/ 


TRICOM eaneer vaeeine, 1036 
Tricuspid heart valve, 360/ 

361-363, 362/ 

Trigeminal nerves (V), 257, 258/, 
260 / 

foramen ovale and, 148/j 149 
Triglyeerides (neritral fats), 45-48, 

46/, 47/ 

dietary sorirees of, 489 
fatty aeids and, 45-46, 47/ 

48, 48/ 

glyeerol and, 45-46, 47/ 

Trigone, 523, 523/ 

Triiodothyronine (T/, 318-319, 

328 / 

Triplets, DNA, 85 
Triquetrum bone, l6l/ 

Tristearin, 45 
Tritium, 31/ 

tRNA (transfer RNA), 56, 57, 

85-87, 86/ 

Troehanter (bone marking), 

142/ 142/ 

of femur, 163, 164/ 

Troehlea of humerus, 158, 160/ 
Troehlear nerve (IV), 149, 149/ 

258/, 258 /, 260/ 282/ 
Troehlear noteh of ulna, 160/ l6l 
Trophoblast, 560/ 561 
Tropie hormones, 313 
Tme eapillaries, 373, 373/ 

Tme ribs, 157, 157/ 

Tme voeal eords (voeal folds), 440 
Tmnk 

anterior (abdominal region), 

16 , 16 / 

anterior (ingriinal region), 

16/ 17 

arteries of, 374, 375/ 
posterior (dorsal/baek region), 
16 / 

veins of, 376, 377/ 

Tmnk muscles, 207 

anterior, 207-208, 207/ 

216/ 217/ 

nerves serving, 257, 261, 

261 / 262 / 

posterior, 208-209, 208 f 
218/ 219/ 

rotational movements and, 208 
scapulae and, 158, 209 

Trypsin, 479/ 483 
Tryptophan, 491/ 

TSH. See Thyroid-stimrilating 
hormone 

T-SNARES, 79/ 80 
Tubal ligation, 5706, 571/ 

Tubercle (bone marking), 142/ 142/ 
of humerus, 158, 160/ 
Tuberculosis, 460 
Tuberculosis skin test, 427 
Triberosity (bone marking), 

142/ 142/ 

deltoid, 158, 160/ 
radial, 160, 160/ 

Tubular reabsorption, 517, 

518-519, 518/ 519/ 521 
Tubular seeretion, 517, 518/ 519, 

519/ 521 

Tubules of nephrons. See Renal 
tubules 

Tumor neerosis faetor (TNF), 425/ 
Tumors. See Neoplasms 
Tumor suppressor genes (antioneo- 
genes), 1026, 103/ 

Trmiea albriginea of testes, 

540, 540/ 

Trmiea externa, 371/ 372, 372 
Trmiea intima, 370, 371/ 
of eapillaries, 372 
Trmiea media, 370-372, 371/ 
Trming fork, to test hearing, 259/ 


Turk’s saddle, 148/ 149, 313 
TV (tidal volume), 448, 448/ 

T wave in eleetroeardiograms, 

3676, 367/ 

Twins, tissue isografts and, 425 
Two-neuron reflex ares, 238-240, 

239/ 

Tympanie eavity (middle ear), 22, 

292 / 293 

Tympanie membrane (eardmm), 

292/ 293, 298 

Ulcers 

decubitus, 117, 119/ 
gastrie, 4866 
peptie, 486-4876, 487/ 
skin, 117, 119/ 

Ulna, 146/ l60 f l6l, l6l/ 

elbow joint and, 168/ 
interearpal joints and, 168/ 
movements allowed by, 

199 / 200 / 

Ulnar artery, 374, 375/ 

Ulnar nerve, 262/, 263/ 

Ulnar vein, 376, 377/ 

Ultrasound imaging (ultrasonogra- 
phy), 106, 11/ 2716 
Ultraviolet (UV) radiation, 113/, 
1186, 126 

Ultraviolet waves, 26 
Umami taste sensation, 301-302 
Umbilical arteries, fetal, 380, 381/ 
Umbilical eord, 381/ 561/ 562, 562/ 
in fetal eirerilation, 380, 381/ 
Umbilical region, 16/ 17, 21, 21/ 
Umbilical vein, 562/ 
fetal, 380 , 381/ 

Umbilicus (navel), 21 
Unconsciousness (eoma), 246, 251 
Unfused/incomplete tetanus, 

193, 193/ 

Uniaxial synovial joints, 168 /j 
170, 171/ 

Unipennate faseiele arrangement, 

203, 203/ 

Unipolar neurons, 235, 235 f 
Unsaturated fat, 48, 48/ 
dietary sorirees of, 489 
Upper limbs, 146/ 

anterior landmarks, 16-17, 16/ 
arm, 158, 160/ 
arteries of, 374, 375/ 
bones of, 158, 160-161 
forearm, 158-161, 160/ 
hand, l6l, l6l/ 
muscles of, 209-210 
nerves of, 262/, 263/ 
veins of, 376, 377/ 

Uracil (U), 53, 54/ 

Urea, 7, 113/, 494, 495/ 496, 

518 , 519/ 

LJreters, 6 f, 7, 513/ 515/ 51 6/, 

522- 523, 541/ 

ririnary bladder in relation to, 

523, 523/ 

Urethra, 6/ 7, 513/ 524 
ANS innervation/effeets, 

266 / 268 / 

in males, 524, 541-542, 

541/ 542 f 

uterus in relation to, 550/ 

Urethral orifiees, 523, 523/ 541/ 

542, 542/ 

Urethral sphineters, 523/ 524 
Urethritis, 524, 569 
Uric aeid, 7, 113/, 518 
in gouty arthritis, 173 
Urinary bladder, 6/ 7, 513/ 

523- 524, 523/ 541/ 542/ 

age-related ehanges in, 535 
ANS innervation/effeets, 

266 / 268 / 
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arteries of, 374, 375/ 
developmental aspeets of, 

381/ 535 

micturition and, 524-525 

transitional epithelium lining of, 

91/ 92, 523 

voluntary/involrmtary sphineters 

of, 524-525 

LJrinary output imbalanees, 518, 

525, 535 

IJrinary retention, 525, 535 
LJrinary system, 6/ 7, 9, 512-538 
aeid-base balanee and, 532 
age-related ehanges in, 535 
eongenital disorders of, 532, 535 
developmental aspeets of, 

532, 535 

functions of, 512-513 
homeostatie relationships of, 8/ 

9, 534b 

kidneys of, 513. See also Kidneys 
micturition and, 524—525 
pregnaney effeets on, 565 
sodmm balanee and, 7. See also 
Sodium balanee 

ureters of, 6/ 7, 513/ 515/ 516/ 

522- 523, 541/ 
urethra of, 524, 542. See also 

IJrethra 

urinary bladder of, 6/ 7 
Urine, 7, 519, 521 

abnormal constituents, 522 1 
antibaeterial properties of, 

405, 4l0í 

filtrate vs., 521 
glucose in, 324, 522 1 
urinary bladder storage of, 

523- 524 

Urine formation proeesses, 78, 315 
glomemlar filtration, 517-518, 

518 f 519/ 

tubular reabsorption, 518 - 519 , 

518/ 519/ 521 

tubular seeretion, 517, 518/ 519, 

519/ 521 

Urochrome, 521 
Urogenital diaphragm, 541/ 

Usnic aeid, 5050 
Uterine eontraetions 

oxytocin and, 315, 315/ 328? 
prostaglandins and, 46t 
Uterine eyele (menstmal eyele), 

554, 555/ 556 
Uterine tubes, 549, 550/ 

Uterosacral ligaments, 549, 550/ 
Uterus, 6/ 7, 549, 550/ 551 

blood supply of, 550/ 
estrogen’s effeets on, 329^ 
pregnaney and size ehanges in, 

563, 563/ 565 

progesterone’s effeets on, 329 1 
ririnary system in relation 

to, 513/ 

UV. See Ultraviolet (UV) radiation 

Uvula, 438/ 466, 466/ 

Vaeeines, 416-417, 416/ 

AIDS, 4290 
attenuated, 416 
booster shots, 416 
eaneer, 1036 

Vacuoles, 95/ 408, 408/ 

Vagina, 6/ 7, 550/ 551 
Vaginal pouch/ring (eontraeeptive), 
571/ 

Vagus nerves (X), 257, 259 1, 

260/ 301 

breathing and, 453 

digestive regrilation by, 484, 48 4f 

heart rate influences and, 

368, 369/ 

taste sense and, 301 


Valenee shell, 32 1, 33-34, 34/ 
Valine, 491/ 

Valves 

of heart, 361-363, 362/ 

of lymphatie eapillaries, 399, 

399/ 400, 400/ 

muscular pump and, 372, 

372/ 400 

of pyloms, 468, 469/ 
in veins, 371/ 372 
Vahmlar stenosis, 363 
Vanadium, 28 1 

Variable (V) region in antibody 
structure, 417, 418/ 

Variables in homeostasis, 12-13, 13/ 
Varieose veins, 373, 393 
pregnaney and, 566 
Vascular layer of eyeball, 283/ 284 
Vascular slmnt, 373, 373/ 

Vascular spasms, 346-347, 347/ 
Vascular system, 370-391 
arteries, 370, 371/ See also 
Arteries 

arterioles, 370, 371/ 373, 373/ 

eapillaries/eapillary beds, 

370, 371/ 

lymphatie vessels and, 399, 399/ 
sympathetie division of ANS 
and, 385-386, 386/ 
veins, 370, 371/ See also Veins 
venules, 370, 371/ 

Vascular tissue, 97. See also Blood 
Vas deferens, 6/ 540-541, 540/ 
541/ 542/ 

Vaseetomy, 541, 5706, 571/ 
Vasoeonstrietion, 372, 385-386, 

386 / 500 

antidiuretic hormone and, 315 
eold temperatrire and, 387, 500 
as heat-promoting meehanism, 
500, 501/ 

prostaglandins and, 33lí 
Vasodilation, 372 
exercise and, 386 
histamine and, 343 1, 387, 

426, 427/ 

hot temperature/heat and, 387 
in inflammatory response, 

405, 406/ 

membrane attaek complex 

(MAC) and, 408-409 

Vasopressin. See Antidiuretic 
hormone 

Vastus muscles, 212/ 213, 

216/ 217 1 

VC (vital eapaeity), 448, 448/ 
Vegetarian diets, 490, 491/ 521 
Veins, 370, 371/ 

blood pressure in, 372 
elot formation in, 373 
fetal, 380, 381/ 
hepatie portal circulation and, 

380-383, 382/ 

inflammation of, 373 
lymphatie vessels in relation to, 

399, 399/ 

major, of systemie circulation, 

376, 377/ 

muscular pump and, 372, 372/ 
valves of, 371/ 372 
Vellus hairs, 128 
Venae eavae, 359/ 360, 360/ 

376, 377/ 

in pulmonary/systemic eireriits, 

360/ 361 

Venous blood eolleetion in dural 
sinuses, 247, 248/ 

Venous return, 372 

exercise and, 368, 369/ 
muscular pump and, 372, 

372/ 400 

respiratory pump and, 400 


stroke volume, eardiae output 
and, 368, 369/ 
vein’s role in, 372 
Venous valves, 371/ 372 
Ventral (anterior) body region, 

16-17, 16/ 

Ventral (anterior) orientation/diree- 
tion, 15 1 

Ventral body eavity, 20-21, 20/ 21/ 
trauma vulnerability and, 20 

Ventral columns, 254-255 
Ventral rami of spinal nerves, 257, 
261/ 262/ 267/ 

Ventral respiratory group 

(VRG), 453 

Ventral root, 254, 255/ 267/ 
Ventrieles of brain, 240, 249/ 
eerebrospinal flriid pathways 

and, 248, 249/ 250 
ehoroid plexuses and, 245/ 

246, 248 

fourth, 245/ 246, 248, 249/ 
lateral, 248, 249/ 
third, 245, 245/ 

Ventrieles of heart, 358-360, 

359/ 360/ 

as diseharging ehambers 
(pumps), 358, 359/ 
Ventricular depolarization, 367/ 
Ventrierilar repolarization, 367/ 
Ventricular systole, 365, 366/ 
Venriles, 370, 371/ 

Vernix easeosa, 128 

Vertebrae, 146/ 152-155, 155/ 
arteries of, 154 
eervieal, 152, 153/ 154, 155/ 

intervertebral dises of, 152, 153/ 
as irregrilar bones, 136, 

136/ 152 

joints of, 154, 167, 168/ 

lumbar, 152, 153/ 
regional eharaeteristies of, 

154-156, 155/ 

structure of, 153-154, 154/ 155/ 
thoraeie, 152, 153/ 

Vertebral arehes, 153, 154/ 155/ 
Vertebral arteries, 154, 374, 375/ 

379/ 380 

Vertebral eanal 

cauda equina and, 254, 254/ 
saeral, 156, 156/ 

Vertebral eollapse, 175, 175/ 
Vertebral column (spine), 20, 145, 
146/ 152-156, 153/ 

abnormalities of, 153 
eollapse of, 175, 175/ 
curvatures of, 152-153, 153 f 
developmental aspeets of, 

173-175, 174/ 175/ 

irregrilar bones of, 136, 

136/ 152 

joints of, 154, 167, 168/ 
ligaments of, 152 
movements allowed by, 208, 

209, 217í 

muscles that move, 207/ 

208-209, 208/ 218/ 219í 

regional eharaeteristies within, 

154-156, 155/ 

spinal eord and, 152, 253-255, 

254/ 255/ 

sympathetie tmnk (ehain) 

and, 265 

Vertebral foramen, 154, 154/ 

155/ 156 f 

Vertebral region, 16/ 17 
Vertebral vein, 376, 377/ 

Vertigo, 299 
Vesieles, 80 

in eapillary transport meeha- 
nisms, 390, 390/ 
in endoeytosis, 80-81, 80/ 


seeretory, 69, 70/ 71, 79/ 80 
transport, 68, 69, 70/ 

Vesicular breathing sormds, 449 
Vesicular follieles, 548/ 549 
Vesicular transport, 79-81, 79/ 80/ 
endoeytosis, 80-81, 80/ 
exocytosis, 79-80, 79/ 

Vestibular apparatris, 294—295, 

294/ 297 
disorders of, 299 
Vestibular nerve, 2590 260/ 
294-295, 295/ 297 

Vestibrile of female genitalia, 
551-552 

Vestibule of inner ear, 292/ 293 
erista amprillaris and, 295, 

295/ 297 

maerilae of, 294-295, 294/ 
Vestibule of nasal eavity, 438/ 
Vestibule of oral eavity, 466 
Vestibulocochlear nerves (VIII), 

2590 260/ 

eoehlear braneh of, 2590 2600 

297/ 298 

in ear anatomy, 292/ 
internal acoustic meatus 

and, 147 

as purely sensory nerve, 

257, 259 t 

vestibular braneh of, 294-295, 
294/ 297 

Villi of small intestine, 472-473, 
472/ 

Vimses, 409 

AIDS, 427, 428-429 b 
eold, 439 

hepatitis, 348, 417 
interferons and, 409 
killer T eells and, 3430 421, 422/ 
424 1 

used to destroy eaneer 
eells, 1030 

Viseeral (smooth) muscle tissue, 

98/ 99 , 100/ 182/ 182í 
Viseeral layer of serous membranes, 

110 , 111 / 

Viseeral pericardium (epieardirim), 

357, 359/ 360/ 

Viseeral peritonerim, 467, 

468/ 470/ 

Viseeral pleura, 111/ 441, 442/ 
Viseeral sensory fibers, 228 
Visible light 

eones and sensitivity to, 

285, 285/ 

pathway throrigh eye, 284, 28 4f, 
288, 288/ 

photoreeeptors and, 284-285, 
284/ 2860 

as radiant energy, 26 
refraeted, 288 
Vision 

acuity and, 285, 303 
age-related ehanges in, 303 
binocular, 289, 289/ 
eerebral cortex area of, 241, 

242/ 258 1, 260/ 
elose, 284, 288, 288/ 290-291 0 

eonvergenee, eye reflexes and, 

289, 291 

eorpora quadrigemina and, 246 
eorreetive lenses and, 290-2910, 
290/ 

depth pereeption and, 289 
developmental aspeets of, 303 
disorders of, 287, 288, 289, 
290-2910 

distant, 284, 288, 2880 
290-2910 

extrinsic eye muscles and, 258 1, 
260/ 281, 282/ 289, 291 
far, 284, 288, 288/ 290-2910 



632 lndex 


Vision (i continued ) 

focusing disorders, 288, 

290-291b 

in infaney, 303 

light refraetion and, 288, 288/ 
near, 284, 288, 288/ 290-291b 
night blindness and, 285 
normal, 290 b, 290/ 
optie nerve (II) and, 258?, 260/ 

284-285, 284/ 288-289, 
289/ 

photoreeeptors and, 284-285, 
284/ 285/ 28 6b 

physiology of, 288-291 
testing of, 258? 

visual fields and, 258?, 288-289, 
289/ 

vitamin A and, 46? 

Visual pigments, 284-285, 286h 
Vital eapaeity (VC), 448, 448/ 460 
Vital signs, 383 
Vitamin A 

body loeations found in, 46? 
dietary sources of, 490, 490? 
frmetions of, 46? 
retinal and, 286b 
Vitamin A defieieney, night blind- 
ness and, 285 

Vitamin (thiamine), 490? 
Vitamin B 12 

anemia and, 341? 
dietary sources of, 490? 
intrinsie faetor and, 470 
Vitamin B group 

dietary sources, 490? 
intestinal baeteria producing, 

487 

Vitamin C 

dietary sources, 490, 490? 
in sweat, 121 
Vitamin C defieieney, 119 
Vitamin D, 46?, 331? 
eholesterol basis of, 48 
defieieney, riekets and, 141 
dietary sources, 490? 


kidney eells and, 512 
as lipid found in body, 46? 
skin and synthesis of, 112, 113? 
Vitamin E, 46? 

dietary sources, 490, 490? 

Vitamin K, 46? 
defieieney, 348 
dietary sources of, 490? 
intestinal baeteria prodrieing, 

487 

Vitamins, 490-491 
as eoenzymes, 491 
dietary sources of, 491? 
fat-soluble, 76-77, 77/ 
in interstitial fluid, 76 
Vitreoris humor/vitreous body, 281, 

283/ 287 
Voeal fold, 438 f 

Voeal folds (trrie voeal eords), 440 
Voiee box. See Larynx 
Voiding. See Mietrirition 
Volkmann’s eanals, 138, 139/ 
Volrmtary muscle, 99, 182?, 183. See 

also Skeletal muscles 
basal nuclei and, 244 
eortieospinal (pyramidal) traet 

and, 241 

Volrmtary nervous system, 227/ 

228, 264, 265/ 

Vomer bone, 148 f 149/ 151 
Vomiting (emesis), 246, 483 
VRG (ventral respiratory group), 

453 

V-SNARES, 79/ 80 

Vulva (female external genitalia), 

550/ 551, 551/ 

Warts, 126 
Waste prodriets 

metabolie, 9, 75, 121, 250, 339/ 
nitrogenous, 7, 8/ 9, 512, 

518-519 

Water, 9, 39, 40-41 

in dehydration synthesis 

reaetions, 43, 44/ 


distilled, 84 b 
eleetrolyte balanee and, 
525-530 

filtration and, 78 

formation of, 35, 37-38, 37/ 42 

in hydrolysis reaetions, 41, 

43, 44/ 

osmosis and, 77, 77/ 
osmotie pressrire and, 84 b 
pereentage in blood 
plasma, 338 

pereentage of body weight, 

40, 525/ 

srirfaee tension of, 37-38, 37/ 
in sweat, 121 

tubular reabsorption of, 518, 

518/ 519/ 

as “rmiversal solvent”, 40, 75 
Water balanee 
flowchart, 529/ 
fluid eompartments and, 

525- 526, 525/ 
hypothalanms and, 246 
ririnary system’s role in, 7 
water intake/output and, 

526- 528, 527/ 

Water-repellent properties of skin, 

3, 115, 115/ 

WBCs. See White blood eells 
Weak/strong aeids, 42 
Weak/strong bases, 42 
Weight, body. See Body weight 
Weight lifting, 196 
Weight loss drrigs/sripplements, 

505 b 

Wheezing, 449 

White blood eells (leukocytes), 4, 

338, 339/ 342 
elasses of, 342, 343?, 344 
formation of, 345-346, 345/ 

inflammatory response and, 

405, 406/ 

in urine, 522? 

White fibers, 93. See also Collagen 
fibers 


Whiteheads, 121 
White matter, 233 

eerebral, 241, 242/ 244, 

244/ 256/ 

spinal, 254-255, 255/ 256/ 

White thrombris. See Platelet plug 
formation 

Windpipe. See Traehea 
Wisdom teeth, 474, 475/ 

Withdrawal (flexor) reflex, 

239/ 240 

Wound healing (tissue repair), 
100-101 
Wrinkles, 1186 

Wrist (carpus), 16, 16/ l6l, l6l/ 
flexion of, 210 
muscles moving, 218/ 219? 
nerve supply of, 262?, 263/ 
Wristdrop, 262? 

Xenografts, 422 
Xiphisternal joint, 156, 157/ 
Xiphoid proeess, 156, 157/ 

X rays 

in medieal imaging, 10-11 b 
as radiant energy, 26 

Yawning, meehanism of, 449? 
Yellow (jarmdieed) skin, 119, 476 
Yellow bone marrow, 137/ 138 
Yellow fibers, 93. See also Elastie 
fibers 

Yolk sae, 562/ 

2 dise, 186/ 187, 191, 191/ 

Zine, 28? 

Zona pellucida, 560/ 

Zygomatie bones, 147/ 148/ 

149/ 150 

Zygomatie proeess, 147, 147/ 148 f 
of temporal bone, 147, 148 f 
Zygomaticus muscle, 206, 206/ 

216/ 217? 

Zygote, 560-561, 560/ 



